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Zi bouwen met hoogovencement 


„Oh ja, zulke grote en kostbare werken?” „Natuurlijk, waarom zouden 
ze niet? Hoogovencement is juist voor deze enorme waterbouwkundige 
werken het aangewezen cement. Niets is beter bestand tegen de in- 
vloed van het zeewater.” „Zou de prijs er ook nog een rol bij spelen ?” 
„Allicht! Juist bij. dergelijke enorme werken, waar tienduizenden en nog 


eens tienduizenden tonnen cement in gaan, bespaart hoogovencement 
kapitalen!" 


Grote waterbouwkundige werken zijn duur ! Waterstaatsingenieurs 


maken ze niet duurder dan nodig is. Zi bouwen met hoogovencement 
en... besparen f 3.- per ton] 
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VERTEGENWOORDIGING VOOR NEDERLAND: 
SJEFG.DE GROOT : WIJNGAARDSWEG 61 
HOENSBROEK 
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VREDESTEIN 


transportbanden 


Transportbanden betekenen productieverhoging, 
besparing van arbeidskrachten en daling van 
productiekosten. Voor een goedkoop, ongestoord 
en efficient vervoer kiest men transportbanden. 
Vredestein fabriceert transportbanden voor veler- 
lei doeleinden in verschillende kwaliteiten: 


Hittebestendig 
Olie- en vetbestendig 
Alkalibestendig 
Brandveilig 


Smaak- en reukloos 
Zuurbestendig 


Uitvoerige bedrijfsdocumentatie wordt U op aanvraag gaarne toegezonden 
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” een naam in rubber 


(1629 - 1695) 


Sinds Christiaan Huygens 
loor de construering van zijn onrust, de tijdmeting verbeterde, wordt 


‚teeds rusteloos voortgebouwd aan de verbetering en vervolmaking van 
meet- en regeltechnieken. 


AI-TECHNIEK biedt u de ervaring aan 
van vele jaren meet- en regeltechniek. 
zrvaring en kennis getoetst aan de hoge eisen van de moderne industrie. 
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Pay ETRON 


pH.- en 
geleidbaarheidsmeter 


Voor de controle van waterzuiverings- 
installaties bouwt POLYMETRON auto- 
matische geleidbaarheidsmeters en in- 
strumenten voor het bepalen van het 
zoutgehalte en ph-waarden. 

Ook op tal van schepen wordt deze appa- 
ratuur toegepast voor de controle op 
destillatie-installaties aan boord. 

Voor kernreactoren worden installaties 
voor het controleren van gezuiverd 
zwaarwater ontwikkeld, aangepast aan 
bijzondere meet- en bedrijfsomstandig- 
heden. 


VEGA 


Electronische NIVEAU meet- en schakel- 
apparatuur op capacitieve basis voor alle 
media, vast en vloeibaar. 

Electronische schakelapparatuur voor het 
signaleren bij max. of min. temperaturen, 
drukken en vele andere grootheden. 
Transistorenomvormers. 


Niveau-meter 


TURBO 


Doorstromings- 
meters 


Contra V 30, 
min. 1 l/h water, - 
max. 200 m?/h water A 


Doorstromingsmeters voor gassen, door- 
zichtige- en ondoorzichtige vloeistoffen, 
ook bij hoge drukken en temperaturen. 
De afbeelding A is die van de bekende 
CONTRA V 30 welke o.m. met een elec- 
trische- of pneumatische zender uitge- 
voerd kan worden. 


POLYTHERMETER 


Draagbare meerpunts temperatuurmeter 
voor temperaturen tot 1600° C. 


AI-Techniek Amsterdam nv 


TELEF. 020-743874 — TELEX 11509 — POSTBUS 4064 — AMSTERDAM-O 


apparatuur wordt gedemonstreerd op de tentoonstelling „HET INSTRUMENT” van 4 tot 11 oktober 1961 te Utrecht. 
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electromotoren 


Sedert 
1888 


houden wij ons bezig met de ontginning 
van bodemschatten. 
Door voortdurende ontwikkeling hebben wij 
sedertdien onze methodes verbeterd 

en onze werkterreinen 

uitgebreid 
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THANS zijn wij in staat alle 


werkzaamheden voor U te verrichten - 


van planning tot oprichting 

van komplete mijnbouwbedtrijven 
en transportinstallaties 

voor steenkool, erts, zout, water, 
aardolie en aardgas. 

ÖOnze specialisten adviseren 
U gaarne 
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Bentheim Bez. Osnabrück - Bohrwesen, Erdöl und Erdgas 
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een eeuw oud, doch niet verouderd; 
geimiteerd, doch niet overtroffen! 
Voor prospectie en betrouwbare 
waardebepaling van ertshoudende 
alluvia en bauxiet-afzettingen. 

Voor fundatieboringen door losse of 
zachte aardlagen. 

Transportabe/ in een-mans lasten 
voor gebruik zelfs op de moeilijkst 
bereikbare plaatsen, 

waar dan ook in de rimboe. 
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FLEXIBLE 


ABRASION! 
RESISTANT 
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TURNER BROTHERS ASBESTOS co. LTD. 


Suppliers to the British National Coal Board 
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Kleine Ali komt 5000 iaar te laat op schoo 


Duizenden jaren geleden leefden op het gedeelte van het 
schiereiland Aden, waar Ali woont, slechts vissers en her- 
ders. Terwijl de beschavingen van Egypte, Griekenland en 
Rome opbloeiden en vervielen, bleef het een woestenij van 
zand en vulcanisch gesteente. Thans evenwel zijn er, dank 
zij het bestuur van Aden en de B.P. volledig ingerichte mo- 
derne scholen en een technisch opleidingsinstituut. 

In 1952 begon The British Petroleum Company met de 
bouw van Klein-Aden, een moderne haven en een reusach- 


tige raffinaderij. Een enorme verbetering van de levensor 
standigheden van de bewoners is hiervan het gevolg g 
weest. De school van kleine Ali is een teken des tijds. Even: 
de Atlas Copco drukluchtgereedschappen, die tot de ve 
wezenlijking ervan hebben bijgedragen. Atlas Copco boo 
hamers werden gekozen voor het winnen van 2 miljoen tı 
steen, nodig voor de aanleg van de haven. En dit is slech 
een van de belangrijke werken, waarbij Atlas Copco 
Sandvik Coromant materieel een rol hebben gespeeld. 


SIitlas Copco levert druklucht voor elk werk ter wereld 


Atlas Copco Holland n,v., Breevaartsıraat 48, Rotterdam, Tel. 010- 35191 - Bekkerweg 52, Heerlen, Tel. 04440 - 55 
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GEOLOGIE EN MIINBOUW 


APPLIED SCIENCE IN THE MINING INDUSTRY IN GREAT BRITAIN ! 


B. L. METCALF? 


At the Jubilee Convention of the Association 


of Mining Electrical and Mechanical Engineers: 


held in Blackpool last year I delivered the twelfth 
"W. M. Thornton Lecture” on "Technology and 
the Future” (Ref. 1) and I was delighted and 
honoured to receive an invitation from the Royal 
Dutch Geological Mining Society and the 
Society of Engineers to deliver a lecture on 
similar lines in Heerlen. 

As the introduction to the lecture contained 
certain specific references to the Association, I 
have made some alterations to the text and 
expanded certain sections to bring it up to date. 
It has not been possible to bring the equipment 
here to carıy out the demonstrations which I 
made in Blackpool. 

I have chosen the title for my lecture here to 
be "Applied Science in the Mining Industry 
in Great Britain” as I think this meeting pro- 
vides a valuable opportunity to compare the 
practice and progress in the applied sciences 
in the mining industries of Holland and Great 
Britain. 

The application of science is comprehended 
in the word technology which means the practice 
of any or all of the applied sciences that have 
commercial value. In the mining industry we 
must add to that definition the words "and can 
be applied with safety”. 

The objective of the mining industry is the 
economic supply of heat. The beneficial gains 
to be obtained from technology in the pur- 
suance of this objective may be summarized 
as follows: 


1 Paper delivered to the Royal Dutch Geological 
Mining Society and the Society of Engineers in South 
Limburg in Heerlen, Holland on 19th April, 1961. 

2 Author’s adress: B. L. Metcalf, B.Sc., M.I.Mech. E., 
M.LEE., M.l. Min. E., National Coal Board, Hobart 
House, Grosvenor Place, London S.W.1. 


(1) Greater safety 


(2) Greater comfort for the men and reduction 
in fatigue 


(3) Human satisfaction in the work itself 
(4) Improvement in the efficiency of production 


(5) Satisfying the market with a suitable product 
at an economic price. 


The potential gains are immense and the 
object of this paper is to record the progress we 
have made and to glimpse into the future. 

When we survey the contemporary situation, 
the pace of technological development in some 
industries leaves us breathless. In this second 
half of the twentieth century the imagination of 
the engineer is caught by the attempts to conquer 
outer space; the production of electric power 
from fissile materials today and by fusion tomor- 
row; the developments in automation; and the 
application of electronic computers to a whole 
variety of mathematical and statistical problems. 

In the application of the mechanical and 
electrical sciences to mining there is no limit to 
the variety of techniques, many of which are 
already in use covering the whole range from 
light-current electrical engineering involving 
modern systems of communication to large and 
formidable machines. With all these new tech- 
niques there is a change in the nature of the 
skills required. The skills today are in the cre- 
ation and servicing of machines to take the 
drudgery out of man’s work, to increase his 
productivity, and to make the conditions of work 
safer and more attractive. They lie in the devel- 
opment of production processes and of suitable 
machines on the one hand, and in de installa- 
tion, operation, reconditioning and proper main- 
tenance of these machines, on the other hand. 

Industrial research in an operating industry 
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covers the investigation either by laboratory 
techniques or by systematic observation on 
working plant of the properties and behaviour 
of the tools used, the efficiency of the processes 
adopted and the suitability of the machines to 
carry out these processes. 


Technical progress does not always require the 
application of new scientific knowledge. The 
cheapest and quickest way to achieve technical 
progress is to use the knowledge which already 
exists and to improve existing machines step by 
step. 

Two interesting reports which have recently 
been published (ref. 2, 3) emphasize that 
whereas the value of the scientist and the tech- 
nologist in research and development is usually 
unquestioned, too little attention is given to the 
service that such men can render in maintaining 
and improving efficiency of plant and process. 
It may well be that in industry as a whole the 
greatest immediate benefit from science would 
be reaped by paying more attention to this as- 
pect of the subject. These reports also empha- 
size that an organization that does not at least 
use some rudimentary forms of method study, 
costing and production planning is often un- 
able to use the research and development work 
of others. 


Technical progress involves changes in the 
thinking and practice of management. As the 
technical complexity of production increases 
there is likely to be an increase in the ratio of 
the numbers of managers, technologists and 
supervisory staff to other employees. “An orga- 
nization which desires to innovate may need to 
start by giving attention to the general state of 
its management methods. Costs must be pre- 
sented in such a way that they are a useful 
method of management and a means of control. 
It is important to create a management capable 
of meeting changing situations with a capacity 
for responsible initiative and the possession of 
understanding and competence growing out of 
a knowledge of one or more management tech- 
niques.” (ref. 3). 


Technical progress also implies an ever in- 
creasing capital investment per man employed. 
Indeed, the capital investment is essential, but 
to achieve the "pay-off” there must be a greater 
concentration of the operations and a high 
machine utilization factor. A high utilization 
factor raises the whole question of machine life. 
For how many hours should a coal face machine 
operate between overhauls? What is the basis 
for the design of coal face machinery? If we 
insisted that every new design of machine com- 
ponent should operate trouble free for 5,000 


hours before it needed to be withdrawn from 
service, we would revolutionize our maintenance 
problem. 


Manual work in industry has become largely 
repetitive and semi-skilled. Machine-minding and 
machine-operation occupy a big percentage of 
the nation’s labour force without demanding 
much in the way of creative craftsmanship from 
the machine minder or operator. Many skills are 
still required in some highly specialized indus- 
tries where mass production is not applicable. 
But it is in the operating industries that the 
need for craftsmen with individual qualities of 
resourcefulness will increase rather than de- 
crease in order to keep the wheels turning 
reliably and efficiently. 


In manufacturing industry the production 
engineer has a wide variety of materials from 
which to draw; he can control the condition of 
his materials to suit the product which he is 
making either by temperature, humidity or by 
additives. If the metal is too hard to work he 
can soften it, and if too soft for its ultimate duty 
he can harden it. He chooses his own raw mate- 
trial and fashions it into the article required by 
the consumer. He is also able to fashion his tools 
to suit the material with which he is working. 


On the other hand, the production engineer in 
the mining industry has no control over the 
condition in which he finds his product and 
with the exception of carbonized coal and the 
new processes for producing smokeless fuels, 
which together account for about 25 per cent 
of his output, the only treatment the product 
gets before it reaches the consumer is the remo- 
val of the dirt and some sizing of the coal — 
a highly technical and important operation, 
nevertheless. He therefore has to match what he 
finds in the earth to the requirements of the 
consumer and to select his methods and mach- 
ines for winning the coal accordingly in order to 
help him to have enough of the different sizes 
and qualities required. Whereas the manufacturer 
is seeking to design a better and cheaper product, 
the engineer in an extractive industry is seeking 
to develop new methods and new machines to 
extract a given product as economically as pos- 
sible and prepare it for the market. 


The mining engineer knows where to find 
his product and he has accumulated a vast store 
of knowledge regarding its quality and com- 
position in the various seams in the different 
coalfields throughout the country and the geo- 
logical conditions in which it is found. Never- 
theless, he has no control over its quality which 
includes the inherent dirt intermixed with the 
coal which in turn affects the purity of the 
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carbon, or, in other words, the calorific value of 


the coal. Nor does he have any control over the‘ 


volatility which affects the combustion proper- 
ties. Nor can he control the friability of the coal 
and the ease with which it breaks up when 
handled or creates dust. Geological conditions 
are again beyond his control such as seam thick- 
ness, inclination, depth, hardness, presence of 
dirt bands, conditions of roof and floor, or 
existence of faults which may result in the seam 
disappearing altogether. 


There are other uncontrollable factors, too, 
such as the quantity of water in the strata, the 
quantity of methane or firedamp found with the 
coal, the barometric pressure which affects the 
emission of gas, the temperature and humidity 
at the coal face and the ”weight” of the roof 
on the scam itself. 


To sum up, he has to take the coal as he finds 
it; extract it and bring it to the surface as effi- 
ciently as possible, with a watchful eye on the 
safety of the men who perform these tasks. He 
then has to find a customer for it who has the 
right kind of combustion appliance for the par- 
ticular varieties which are available. In spite of 
all these uncertainties, every day sees a more 
scientific appraisal of the problems and a surer 
control over the effects of the environmental 
conditions. As the conditions are more scien- 
tifically analysed so can the technologist more 
surely provide the machines and equipment 
suitable for such a variety of conditions. 

Before dealing with some of the fields in 
which the National Coal Board is promoting 
Research and Development today, I would like 
to give you a brief review of the resources which 
are deployed. 

The Coal Board operates two Research Esta- 
blishments — the Coal Research Establishment 
and the Mining Research Establishment and one 
Development Establishment — the Central En- 
gineering Establishment. 

The purpose of the work at the Coal Research 
Establishment is to study the use of coal as a 
basic raw material for further processing. Allied 
to this Establisment is a Process Development 
Department which seeks to exploit commercially 
any new processes emanating either from the 
Coal Research Establishment or from elsewhere. 

The work of the Mining Research Establish- 
ment is concerned with the study of problems 
ranging over the whole field of underground 
activity. Much of the work is applied research 
which is another way to describe development 
and a close association is maintained between 
the Mining Research Establishment and the 
Central Engineering Establisment. The former 
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puts greater emphasis on instrumentation and 
intrinsic safety and the latter on the develop- 
ment and improvement of new machines and 
their components. 

The Central Engineering Establishment is 
divided up into a Proving and Acceptance 
Branch, a Coal Face Machinery Branch, a Tun- 
nelling Branch, and Underground Roadways 
Branch, a Technical Services Branch and a Works 
Services Branch. A recent decision has been 
taken to set up a small Planning Branch to deal 
with economic and feasibility studies as the 
need to make a more careful assessment before 
the work is started is assuming increasing im- 
portance. 

The work of this Establishment can be 
summed up as “making ideas work”. 

In addition to work at their own Establish- 
ments, the Coal Board sponsors work at Uni- 
versities and contributes to the British Coal 
Utilisation Research Association, the British 
Coke Research Association and the Coal Tar 
Research Association and to other Research Asso- 
ciations. There are also teams of scientists doing 
work in the field and field investigation groups 
doing operational research. 


EXPERIMENTAL COAL FACE 


Not far from our Central Engineering Esta- 
blishment we have an experimental coal face 
which has proved most valuable in the devel- 
opment of new coal face machines. 

Complete instrumentation is provided and 
haulage rope tensions and torques are measured. 

Signals from the various transducers on the 
measuring devices are fed through multi-core 
cables to a recording station situated near the 
gate-to-main conveyor transfer point. All the 
circuits are powered, controlled and monitored 
there, so that during the cutting runs no access 
to the machine or interference with the ma- 
chine is necessary. 

Communication between the coal face, the 
recording station and the transfer point is by 
means of an M.R.E. field trials loudspeaker 
telephone system. 

I now propose to deal with some of the more 
important current research and development 
work grouped under the main operations neces- 
sary for coal production. 


PROSPECTING FOR COAL 


The importance of obtaining a geological 
picture of an area by study and prospecting 
before development need not be stressed. Such 
methods are widely used in the search for fa- 
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vourable structures in other fields, but so far 
their application to coal prospecting has been 
limited. In the oil industy, for example, one 
borehole in eight produces an exploitable 
product where drilling is based on normal 
geological methods, but where geophysical 
methods are introduced, the ratio is improved 
to one in three. (ref. 4). 

In 1952 the National Coal Board carried out 
a programme to investigate the use of geo- 
physical prospecting methods for the determi- 
nation of the depth and extent of superficial 
deposits which may present a danger to mining 
operations. 

Geophysical surveying provides the geologist 
with details which, together with known infor- 
mation, enable him to locate favourable geolo- 
gical formations. For the moment such infor- 
mation is not sufficiently detailed to replace 
normal prospecting methods but it can supple- 
ment a drilling programme and often reduce 
the number of boreholes required. By the 
recording of geophysical logs a borehole can be 
used to provide additional information. These 
logs are prepared by lowering equipment into 
the borehole and metering various parameters at 
the surface. (ref. 5). The sensing units so 
employed measure thermal conductivity, gamma 
radiation, temperature, earth potentials, resist- 
ivity, rate of penetration and borehole diameter. 
The log characteristics of coal seams are low 
thermal conductivity, high resistivity, low self- 
potential, low radioactivity and high rate of 
penetration. While some other rocks may 
exhibit combinations of similar characteristics 
the property of low thermal conductivity is 
unique to coal. 


A surface survey can be made using a num- 
ber of methods but the most commonly used are 
electrical and seismic methods. The electrical 
methods measure resistivity, or the reflection of 
electrical characteristics. Seismic methods rely 
on the reflection or refraction of shock waves 
induced in the earth by an explosive discharge. 
The reflection or refraction occurs at the inter- 
face of strata of different elasticity. In this 
method the detecting device is the geophone, 
a moving-coil or magnetostrictive instrument 
which converts the vibrations into electrical 
impulses. 


An interesting development which stemmed 
from this work is a form of geophone devised 
by the N.C.B. Scientific Department as an aid 
to the detection of men trapped underground. 
(Fig. 1). The use of acoustic signalling for com- 
munication with trapped men possesses the ad- 
vantage that it is the only method which does 


Fig. 1 — Underground listening equipment (N.C.B. 
Scientific Department). 


not require the men to carry special equipment. 
Without the aid of instruments the range of 
such signals is limited and the device was 
developed to increase the range of audibility. 
Field investigations and laboratory analysis of 
tape recordings taken under simulated accident 
conditions established that signals produced by 
striking the strata concentrate a large proportion 
of the signal energy within the band width 25 to 
250 c/s and also that lower frequencies suffer 
less attenuation. 


The instrument was designed to cover these 
frequencies to provide the best possible discrimi- 
nation between signal and background noise and 
to minimize internal instrumental noise. In the 
field trials carried out to date signals have been 
detected at ranges up to 0.8 kilometres. The next 
step is to attempt to measure the range and 
direction of the point of origin of the signals 
by using two instruments spaced some distance 
apart. 

It is probable that geophysical methods will 
play an increasing part in the siting of new 
collieries and in the development of existing 
ones. In the latter field this has been convinc- 
ingly demonstrated in the Cannock Chase Area 
(ref. 5) where a resistivity survey accurately 
mapped a subterranean valley filled with heavily 
waterlogged pebble beds. This valley was shown 
to be deeper than had previously been expected 
and these findings, confirmed by a borehole, 
may have averted a costly and dangerous situa- 
tion. 


It is also probable that electrical or seismic 
methods will be developed for relatively short- 
range prospecting underground. The reflection 
of either electrical or shock waves from a fault 
in the seam in front of an advancing face is a 
logical and very necessary application of these 
principles. Research is being carried out in a 


number of countries, so far without conclusive 
results. One example carried out by the N.C.B. 
took place at Brereton Colliery (ref. 4) during 


the driving of a cross-measure drift. The test 


used surface geophones and was based on the 
refraction of shock waves across a known major 
fault. The results were later proved to be inaccu- 
‚rate but the test served to prove the method and 
to point the way to further investigation. 

A nucleonic logging probe based on a gamma 
ray back-scattering technique has been devised 


by the N.C.B. Mining Research Establishment 


to locate the position of coal scams in a bore- 
hole. (Fig. 2). The probe carries a radioactive 
source and a detector. When it approaches the 
interface of a coal seam and the adjacent 
stratum, the amount of radiation scattered back 


Fig. 2 — Nucleonic logging probe and ratemeter 
(N.C.B. Mining Research Establishment). 
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to the detector changes and this can be indicated 
by a suitable counting circuit. Tests in surface 
boreholes to depths of 1000-1,200 m. have in- 
dicated that it is possible to locate the scam 
boundary to an accuracy of approximately 3 
inches. (76.2 mm). 

The probe unit could be used underground to 
explore new workings as roadways are driven 
out, and as it is only 1.5 inches (38.1 mm) in 
diameter it could be lowered or pushed into the 
holes drilled with standard underground drilling 
equipment. Similarly, if a face should disappear 
owing to the occurrence of an unexpected fault 
it would be possible to locate the seam by 
drilling a number of shot-holes at different 
angles and inserting the probe into each one in 
turn. In practice the only limit to the range of 
this device would be the length of borehole 
which could be drilled and kept open long 
enough for insertion of the probe. 

Despite the setbacks, the economic impor- 
tance of accurate geological information will 
foster further development of geophysical 
equipment and techniques so that one day it 
will be possible to plan mining operations with 
full knowledge of the seam conditions from 
which the coal is to be mined. 

All prospecting boring today is carried out 
using double-tubed face-discharge core barrels 
fitted with diamond or diamond-substitute bits. 
An important recent development is the use of 
high velocity air instead of water or chemical 
as a flushing medium in surface drilling. Coring 
by air flush is normally two or three times 
faster than by liquid circulation in dry ground 
and yields cores of slightly superior quality. 
Further improvements in the condition of the 
core obtainable from friable ground are now 
being tried out, one method being the lining 
of the inner core barrel with a strong trans- 
parent plastic sheath which can be withdrawn 
holding the core intact. 


SHAFT SINKING AND TUNNELLING 


When the coalfield has been mapped and the 
arca of take decided the site of the colliery is 
selected and the position and capacity of the 
shafts are determined. 

The whole operation of shaft sinking has 
been speeded up considerably since nationali- 
zation by using mechanical grabs and other 
mechanical apparatus. (Fig. 3) By a careful 
method study of the time taken in the various 
sinking operations, such as the walling of the 
shafts, great improvements have been made. The 
record rate of sinking achieved.up to the end 
of March this year was at Kellingley Colliery in 
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Fig. 3 — Mechanical shaft mucking equipment 
(Cementation Co. Ltd.). 


the North Eastern Division where 103 m. of 
7.3 m. diameter finished shaft were sunk in one 
month. It is interesting to record that at Kel- 
lingley the permanent headgear is being used 
for sinking. 


TUNNELLING 


When the shaft has been sunk to the required 
depth there is still a great deal of earth to be 
removed before all the coal saems are reached 
and can be worked. Recent years have shown 
great improvements in the details of drilling 
rigs for tunnelling and in the application of 
conventional drilling techniques. 

Our record tunnelling achievement to-date is 
at Owmgrach in our South Western Division 
where 32.9 m. have been driven in a 7-day 
week. The section of the tunnel is 4.58 x 3.06 m. 

To supplement the available methods a tun- 
nelling machine to take out in one operation 
a 4.88 m. diameter hole to form the main road- 
ways is being developed to speed up these oper- 
ations underground. The problems of erecting, 
operating and maintaining such a machine in 
the blind end of a tunnel, of getting rid of the 
debris, of cooling the cutter bits, of ensuring 
that the environmental conditions are suitable 


for the operators, of providing adequate venti- 
lation and ample transport facilities behind the 
machine to enable it to work at its designed 
speed, are enormous. Attempts to solve these 
problems in various strata conditions are being 
made in several countries including Great 
Britain. Developments of this kind necessitate 
the provision of ample resources in terms of 
engineers, scientists and money. 


WINDING 


The advances in winding practice during the 
last ten years derive from the application of 
civil, mechanical and electrical engineering 
science. Faced with the problem of winding 
greater outputs from greater depths and from 
several different levels in one shaft, National 
Coal Board engineers introduced into British 
mines from the Continent the system of tower- 
mounted multi-rope friction winding and many 
installations are already in operation. Winding 
from greater depths is governed by the adequacy 
and reliability of the ropes. For a given rope 


Fig. 4 — The new winder tower at Rufford Colliery. 


size the greater the depth the lighter the load 
that can be lifted. By dividing the load equally 
between two or four ropes a greater pay-load 
can be raised. without increasing the diameter 
of ropes above that already proved to be re- 
liable. By using a counterweight on one end 
of the rope and a cage or skip on the other 
a number of different levels can be served with- 
out the necessity for a clutched drum. Two-rope 
winders can be installed on the ground or in the 
headgear. Four-rope winders have so far only 
been installed in the headgear or tower. (Fig. 4 
and 5) 

We have now 40 four-rope friction winders 
in operation and another 24 are being installed 
or are on order. There are two 3-rope and 10 
two-rope friction winders working or on order 
and thirteen single rope winders installed. In 
spite of these numbers drum winding is still the 
principal type in use in Great Britain. Each 
installation is assessed both on cost and con- 
venience to meet the given conditions. 


Control of Winders 
Much has been written on the control of 


Fig. 


5 — alone friction winders at New Monckton Colliery (General Electric Co. Ltd.) 
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winders and the relative merits of A.C. and D.C. 
systems (ref. 6, 7). Suffice it to say that auto- 
matic operation by pushbutton from any con- 
venient location can be effected with a satis- 
factory accuracy of decking under all con- 
ditions of loading. The operation of the winder 
can be controlled by the counting of tubs into 
the shaft bottom or can be interlocked with any 
other phase of the transport operations either 
directly or in sequence. The degree of the appli- 
cation of automatic operation is governed by 
the safety and reliability of the equipment. If 
men are required at some station in the shaft 
it is better that they should be occupied than 
merely watch equipment operating automatically 
for the greater part of their working shift. A 
serious feature in the operation of automatic gear 
coupled with safety interlocks is the time factor 
and there is still scope for improvement in the 
time lost during decking. 

Developments in the future will concentrate 
more on the perfection of the mechanical brakes 
on the winder, their operation in conjunction 
with electrical braking and the elimination of 
lost time in brake application. Already dead time 
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can be reduced to a tenth of a second from the 
initiation to the application of a brake. 

Some form of brake governing is required to 
control retardation to a predetermined cycle. 
The operation of brakes with friction winders 
must of necessity be smoother than with drum 
winders. 

For large winders the simplicity and reliability 
of the D.C. motor is bound to commend itself 
and this will lead to a more determined effort to 
perfect rectifier control in order to eliminate the 
motor-generator. A substitute for the mercury- 
arc rectifier is already available for small horse- 
powers and the range will no doubt be extended. 

Many minor improvements are continually 
being made to increase the safety and efficiency 
of winder operations. There is an urgent need 
for some better method of locating and anchor- 
ing tubs or mine cars in the cage during transit 
through the shaft, for there are too many acci- 
dents arising from these vehicles falling down 
the shaft or protruding from the cage and causing 
serious damage. 


Winding Ropes 

It has long been the practice in Great Britain 
to use locked coil winding ropes with which 
practice has been associated the use of rope 
guides in the shaft. It is interesting to record 
that when we decided to go over to single rope 
friction winders, some years before we adopted 
multi-rope winding, we approached the Dutch 
State Mines and asked them if they would try 
out a locked coil winding rope at their Emma 
Shaft. This they kindly agreed to do and as a 
result of the experience gained we were satisfied 
that there was no need to change from our 
accepted practice in Great Britain when chang- 
ing over to friction winders. 

We have recently carried out a close analysis 
of the experience gained to date. The report of 
the investigations is not yet complete but nothing 
has been brought to light so far to cause us to 
reverse our decision to use locked coil winding 
ropes, 

Two basic problems have been thrown up: 
the exudation of grease which continues for 
some time after installation and is sufficient to 
reduce the co-efficient of friction and the onset 
of corrosion resulting in ropes having to be 
removed before completion of a reasonable life. 

Arising from these investigations, the work of 
our Central Engineering Establishment on the 
development of the most suitable friction winder 
tread material and on the development of equip- 
ment for non-destructive rope testing - more 
difficult with locked coil ropes - has been accel- 
erated. 


Non-Destructive Testing of Wire Ropes 


The Coal Board have taken a great interest in 
the development of a satisfactory instrument for 
the non-destructive testing of wire ropes but we 
are proceeding cautiously to ensure that the 
records can be properly interpreted before the 
instruments are used to assess the condition of 
ropes in service. 

We have investigated in our laboratory the 
Swiss Integra and the Belgian A.C.M.l units 
both operating on D.C. - and a South African 
ACH unit 

The Swiss Integra D.C. unit consists basically 
of a magnetising coil, mounted concentrically 
with the rope, and energised to produce an 
axial magnetic field along the rope. If part of 
the rope is non-homogeneous the axial field is 
disturbed giving rise to a radial component of 
flux disturbance. Where any radial field exists 
voltages are induced in differentially wound 
search coils mounted in the centre of the mag- 
netising coil and the signal is amplified and 
recorded. The Belgian A.C.M.l works on the 
same principle. 

The South African A.C. unit is basically an 
elementary transformer with the rope as the 
core. The primary of the transformer is excited 
by a magnetising current and the output of the 
secondary will depend on the core. Thus, changes 
in the rope will be indicated by changes in the 
secondary output. 


With all types of non-destructive testing 
equipment the correct interpretation of the 
records is a serious problem. For this reason we 
have been concentrating up to now on obtaining 
experience in the laboratory on the reliability 
of these instruments in determining the state 
of a rope. 

A sample 134” (44.45 mm) diameter locked 
coil rope was manufactured containing a large 
number of faults of five types, in varying posi- 
tions both axially and radially in the rope. It 
was found possible to locate positionally about 
95% of the faults when using the D.C. instru- 
ments but unsatisfactory results were obtained 
with the A.C. instrument. This was not un- 
expected as the latter was designed to deal with 
stranded ropes and not locked coil ropes. 

Our conclusions based on the laboratory work 
carried out to date backed up by a limited 
amount of complementary field work are: 


(1) Tension and torsion do not alter the de- 
flection recorded by the instruments 

(2) The D.C. type instrument will detect 
faults involving two wires or more with 
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2 mm gaps between the ends 
(3) The A.C. type will only detect faults 
having a gap length greater than 150 mm. 


VENTILATION AND FIREDAMP CONTROL 


Much work has been done in recent years on 
the drainage of methane with which is associated 
the improvement in the ventilation of our mines. 
(ref. 8). There is an urgent need for more com- 
plete evidence on the way in which methane is 
emitted and migrates during extraction of coal 
from the seam. The utilisation of machines with 
a high rate of extraction may well be determined 
by the make of methane rather than by other 
mining considerations. It is not clear whether 
the gas is released quickly and at the face from 
the newly got coal during its conveyance outbye 
or whether the bulk of the gas is released from 
the newly exposed face or from the older ex- 
posed coal. Similarly, on long-wall faces it is 
not clear how much of the main make of gas is 
from the seam being worked and how much is 
from adjacent strata which has been disturbed 
during its extraction. Work on these problems is 
in hand. 

A considerable amount of development work 
has been necessary to produce satisfactory drilling 
equipment to drill gas-drainage boreholes up to 
114 mm diameter through extremely hard sand- 
stones up to 14 m. thick. The rotary-percussive 
drilling machine is now giving good results in 
exceptionally hard rock. Efforts are being made 
to develop better bits for use with this machine. 

New regulations require all flame instruments 
in calorimeter rooms to be enclosed in separately 
ventilated cabinets. A suitable enclosure has 
been designed and will be available by the time 
these regulations come into force on the Ist July 
this year. 

Work is being done to improve the instru- 
mentation required for the measurement and 
control of methane. A suitable recording metha- 
nometer is now available and an alarm version 
of the flame methanometer intended for con- 
tinuous use in methane drainage calorimeter 
rooms. A suitable methanometer is required 
which can be mounted on a power loading ma- 
chine and will cut off the electrical power when 
the methane content exceeds a given figure. 

During the past year the manually operated 
monitoring system at Haigh Colliery has been 
made fully automatic by the introduction of a 
surface recording unit fitted with a scanning 
switch. An alarm feature has been incorporated 
to give a warning when the concentration falls 
below a pre-set value. In addition a self-moni- 
toring unit has been installed t0 check automat- 
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ically the operational efficiency of the surface 
measuring equipment. 


COAL-FACE MACHINES 


The subject of coal-face machines covers a 
wide field in which the application of science 
has many prizes to offer. (ref. 9). 

At the end of 1960 the manpower on our 
books was 582,900 and in 1960 the face produc- 
tivity was approximately 4 metric tons per man 
shift, the highest on record. Nevertheless, nearly 
a quarter of a million men are still employed at 
the coal-face, of which some 44,500 men are 
the total number engaged on fully mechanized 
faces. In 1960 the output from fully mechanized 
faces had reached the figure of 38 per cent of 
all the saleable coal from all National Coal Board 
mines. Thus, over a third of the industry’s output 
has been won by less than a fifth of the coal- 
face labour force. 

Sub-dividing the men working on fully mech- 
anized faces (Fig. 6) and assuming a total face 


POWER. LOADING 
IO MEN 


OTHER WORK 
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RIPPING 
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STABLES 
I6 MEN 


Fig. 6 — Disposition by main occupation for every 100 
men employed on power-loaded coal-faces. 


m.s.t. (manshift per 1,000 tons) of 160, for 
every 100 men employed, 10 are operating power 
loaders, 36 are doing roof support and waste 
work, 16 are preparing stable holes, 21 are 
ripping and 17 are doing other work. These 
figures emphasize the fields in which progress 
in mechanization is urgently required. 

The figures in Table I show the best perform- 
ances achieved in 1960 compared with the 


. National performance. Our efforts are now being 


directed towards overcoming the difficulties 
which exist in the lower performance districts to 
bring them up to higher rates of output. 
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TABLE I 
VARIATIONS IN PRODUCTIVITY 
Saleable Output Average Overall O.M.Y. at O.MX. 
in 1960 Number of Average Coalface Overall 
Location (Metric Tons) Faceworkers Workers (Metric Tons) (Metric Tons) 
Best Pit 1,022,952 591 1,244 1,731 822 
Best Area 6,795,954 4,740 13,222 1,434 514 
Best Division 44,358,395 36,931 94,375 1,201 470 
Gt. Britain 186.709,598 229,492 602,116 814 310 


O.M.Y.-Output per man year 


Already it is possible to achieve advances of 
45 m. to 5.5 m. a day which is equivalent to 
500 tons a day for each 0.305 m. of scam section 
on a face 274 m. long. Either a plough or a 125 
horsepower Anderton shearer-loader could load 
2,000 tons in three 6-hour shifts from a 1.22 m. 
seam. 

With single power loaders this means three 
6-hour shifts every 24 hours. Such performances 
will call for the highest organizational skill and 
there are many technological problems still to be 
solved. 


A great deal of information which is of value 
to the development engineer is now available. 
The mechanization engineer can tell him which 
machines will deal best with hard coal or soft 
coal, which will work in steep gradients, what 
machines are available for different thicknesses 
of seam, and within a fairly broad band what 
percentage of the different sizes of coal will be 
produced. More important still, based on this 
growing body of knowledge, the mechanization 
engineer is able to give a more precise specifi- 
cation of his requirements to meet the still 


Fig. 7 — B. J.-D. Anderton shearer-loader. 


N 


Fig. 8 —A. B. Trepanner. 


considerable gaps in his armoury. 

Much has been written about the different 
power-loading machines, ploughs and roof sup- 
ports which are now available and a few illustra- 
tions of these will serve to show their variety. 
Fig. 7 shows the Anderton shearer-loader, Fig. 8 
the A.B. Trepanner, Fig. 9 the vertical drum 
loader and Fig. 10 the Mawco, Fig. 11 the Dowty 
Roofmaster and Fig. 12 Gullick chocks. What is 
more important is to forecast as carefully as 
possible the future trends of development. First 
and foremost there will be a steady improvement 
in machines, improvement of their reliability, 
flexibility and adaptability to differing condi- 


Fig. 9 — Vertical drum power-loader. 


Fig. 10 — Mawco power-loader. 


tions. Variations will be required to the cutting 
tools to produce the size of coal required by the 
market; variations will be required too in terms 
of speed and horsepower. Ease of control and 
safety of operation are other important consi- 
derations. 


Collins Miner 
One interesting machine now being developed 
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Fig. 11 — Dowty Roofmaster powered supports. 


for use in very thin seams is the Collins Miner. 
The machine is designed to drive headings in coal 
of such a size and shape to be self-supporting. 
It consists of a cutting head comprising two 
augers and a cutter chain which is pushed into 
the coal from the roadway by means of push 
rods and which catries with it an extensible 
conveyor system to carry the cut coal back into 
the roadway. The necessary thrust to push the 
machine into the hole is developed by a large 
hydraulic cylinder mounted on a launching plat- 
form which also accommodates an angle station 
and the controls. The conveyor associated with 


Fig. 12 — Gullick powered support. 


the system runs from the back of the cutting 
head and through the angle station and incor- 
porates an increased length of loop take up in 
order to “follow” the machine. 

The main problem at the moment is the need to 
apply some form of vertical and horizontal steer- 
age but the machine promises great advantages, 
particularly in the form of a high face o.m.s. 
from thin seams. 


Cable Handling 


The problem of handling the power cable to 
a power loader travelling along the face is one 
which is receiving considerable attention owing 
to the increased length of faces and more rapidly 
moving machines, and a solution is imperative 
it the manless longwall face is to become a 
reality. 

A cable handling device is being developed by 
the Central Engineering Establishment, but all 
the difficulties have not yet been overcome. 


HYDRAULICS 
The application of hydraulics in mining have 
recently been described (ref. 10). Hydrostatic 
transmission has been discussed at the Second 
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European Fluid Power Conference. (ref. 11). 
Hydrostatic transmission is accepted as a des- 
cription of a hydraulic system capable of trans- 
ferring power from a continuously rotating 
input unit to a continuously rotating output unit. 
It is only in recent years that the design of high 
efficiency positive displacement pumps and 
motors has reached the stage where their size and 
weight no longer place them at a serious disad- 
vantage relative to competitive types of trans- 
mission. 

Hydraulic motors offer spectacular advantages 
in many applications, such as, for example, the 
drive for an armoured flexible conveyor. The 
hydraulic motor is smaller than the electrical 
counterpart and thus has an important advantage 
in reducing the area of unsupported roof and the 
congestion in the stable hole. The “power pack” 
incorporating the continuously rotating input 
unit can be placed in the gate road. . 

Fig. 13 shows a slow-speed high-torque driv- 
ing motor developed by the Central Engineering 
Establishment. The motor has seven radial cylin- 
ders with detachable heads, the crank case and 
cylinders forming a mono-bloc casting. 

The normal output is 50 horsepower. Fig. 14 
shows a motor developed by Dowty Hydraulic 
Units Limited capable of transmitting 60 horse- 
power over a speed range of 500 to 2,000 rev./ 
min. The motor is used in conjunction with, and 
has similar internal details to, the pump (Fig. 
15) which is of the axial plunger tilting head 
type. 

Another paper given to the Fluid Power Con- 
ference (ref. 12) dealt with the importance of 
combining the use of electricity and hydraulics 
in a scientific manner. Hydraulic fluid while not 
incompressible is extremely stiff and can therefore 
be used to transmit power at high pressure and 
reasonable flow rates. Becausc high pressure can 
be used the size of hydraulic motors (both linear 
and rotary output types) can be kept small for 
comparatively high output powers. Electricity, 
on the other hand, is the supreme medium for 
processing and transmitting data. The author of 
this paper emphasized that in view of the grow- 


Fig. 13 — Hydraulic motor fitted to a conveyor drive- 
head (N.C.B. Central Engineering Establishment). 


Fig. 14 — Hydraulic motor (Dowty Hydraulics Ltd.). 


ing use by the electronic engineer of closed-loop 
techniques in industrial control systems means 
must be developed which will enable the output 
signals from these devices to be converted into 
useful work by hydraulic systems. A practical 
solution to this problem is being sought in the 
development of a completely self-steering 
power-loading machine. 

Finally, the search for the ideal fire-resistant 
medium for self-contained hydrostatic power 
transmission systems must go on (ref 13). The 
fluid must have the correct lubricating proper- 
ties, be resistant to change, be fire-resistant and 
be marketed at a reasonable price. 


NEW MACHINES FOR HEADINGS AND STABLE 
HOLES 


As indicated by the figures given above for 
the manshifts required for the different tasks on 


Fig. 15 — Hydraulic pump (Dowty Hydraulics Ltd.). 
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Fig. 16 — Ripping machine Mark I (N.C.B. Central Engineering Establishment). 


the coal-face, more development is required to 
produce machines which will assist in driving 
headings, in cutting stable holes to enable the 
power loaders to start their cut, and in mechaniz- 
ing the vast amount of stonework which is 
required before exposing the coal seam to the 
power loader. 

In 1960 scheme work began on a selective 
heading machine for advanced headings to meet 
the urgent need to mechanize machine develop- 
ment. 

The general specification for the machine 
which is to be suitable where the strata adjacent 
to the coal seam can be cut by picks is as follows: 

Speed of advance 2.74 m. per 6-hour shift 
in any heading having a cross-sectional area 
of 13. sq.m. 

The machine should form either rectilinear 
or arch shaped headings. 

It should be possible to set the normal 
toadway support within 1.2 m. of the cut 
edge at the top of the roadway. 

Selectivity with regard to coal and dirt 
should be maintained during the disposal 
of the material. 

Dust suppression to be provided. 


The dirt will be fed through a crusher and a 
pneumatic stower directly into the gate-side 
pack while the coal is loaded out on to a stage 
loader. 

A ripping machine is also being developed at 
the Central Engineering Establishment. The 
Mark I machine illustrated in Fig. 16 consisted 
of a ”T” shaped frame into which is mounted 
a central arm which is able to arc round the 
roadway. Two cutting drums and hydraulically 
driven motors are mounted on the arm. This 
Mark I machine was used mainly as a test rig, 
the machine being hydraulically powered to 
facilitate the measurement and easy adjustment 
of cutting speeds, etc. Horsepowers, torques and 
respirable dust counts have all been measured. 
Dust is one of the most serious problems. Pick 
lite has been considerably improved. 

Mark II ripping machines is illustrated in 
Fig. 17. It consists essentially of a solid base 
mounted in the centre of the roadway. On the 
top of this base is fitted a sliding carriage and 
tam operated arm turning arrangement. Three 
cutting arms are mounted on the traversing arm 
and are connected through gearing to an electric 
motor mounted at the rear of the machine. The 
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Fig. 17 — Ripping machine Mark Il (N.C.B. Central 
Engineering Establishment). 


machine is designed to sump into the lip and the 
minimum height it can be used is about 1 m. 
A maximum cut of 0.3 m can be obtained. The 
machine only cuts in one direction and the arm 
has to be moved back before a second cut is 
begun. This machine is now working under- 


ground. 


Fig. 18 — Ripping machine 


Mark III (N.C.B. Central Engineering Establishment). 
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Mark III is a further development. (Fig. 18) 
This machine consists of a platform mounted 
eutting drum rotating about its own axis in a 
vertical plane. 

The debris from the cut falls on to a cross 
conveyor which is fitted to the front of the plat- 
form and is located below the lip. The main 
cutting drum is supported by the main bearing 
and by a substantial arm, and a cutter chain is 
used to cut the clearance for the arm support. 
A disc cutter is used to cut out the centre of the 
roadway. A ram operated rack and pinion ar- 
rangement is used to arc the drums over and the 
machine is designed to cut in both directions. 
A single drive supplies the power for the cutting 
drums, also for the hydraulics. It is hoped to 
complete this machine by the end of this year. 


SELF-ADVANCING ROOF SUPPORTS 


Remote controlled self-advancing roof sup- 
ports have been developed by the Mining Re- 
search Establishment. One operator, stationed at 
an electronic control unit, can advance a series 
of 256 chocks individually in any sequence he 
may choose. Alternatively, he may set the control 
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unit to advance the chocks in a set sequence 
without further attention from himself. If, how- 
ever, a chock develops a fault or becomes ob- 
structed in its advance the automatic control 
stops the sequence and gives an alarm to the 
operator. From the indications on the panel he 
can usually determine the nature of the trouble 
and decide whether to over-ride the stoppage 
and allow the sequence to continue or to visit 
the face and clear the fault. 

The essential items of equipment added to the 
chock in this system are an electro-hydraulic 
valve, a pressure transducer and a ram-extension 
transducer. The electro-hydraulic valve causes 
the props to be released and the chock to move 
forward in response to an electrical signal from 
the control unit; the transducers send back 
signals which indicate when the chock is ad- 
vanced to the required extent and the props are 
set against the roof. On receiving satisfactory 
indications from the chock the automatic control 
circuits pass the advancing signal to the next 
chock. 

If an exclusive set of wires were provided 
from each chock to the control unit the size of 
the face cable would be prohibitive. A scheme 
has been developed, however, for reducing the 
total number of wires along the face to 25 with- 
out sacrificing the ability to control and monitor 
any of the 256 chocks individually. Five of the 
wires are for the control and monitoring signals 
and are connected to each chock through an 
individual transistorized relay mounted in a 
junction box on the conveyor. The remaining 
20 wires are classified into three groups of 8, 
8 and 4. Each chock is allocated an exclusive 
combination of three wires, one from each of 
these groups. The transistorized relay functions 
as a coincidence gate and closes only when 
energizing potentials are placed simultaneously 
on the three wires in the combination allocated 


to that chock; when the relay closes full contact 
is established with the chock through the five 
signal wires. 


THE MAN-LESS COAL-FACE 


The completely man-less face has long at- 
tracted the mining engineer and is an objective 
to the attainment of which mechanical and 
electrical engineers are applying themselves. To 
achieve this one of the most difficult problems 
is to get the powerloading machine or plough 
to steer itself. A ”coal-sensing” probe has been 
devised by the Mining Research Establishment 
to help to guide power-loading machines. 

Such a device when perfected will be of great 
advantage to a machine like the Collins Miner 
referred to above. 


These probes use a measurement of the in- 
tensity of gamma rays scattered back from the 
floor of the coal seam to determine the thickness 
of coal left on the floor by the machine. In one 
application the machine will have a sensing 
probe in the leading end of each of two skids 
on which it runs (Fig. 19). The probe units are 
to be connected to individual meters (calibrated 
in inches of coal) at the rear of the machine, so 
that the operator can tell at a glance if the 
machine is tending to cut into the roof or floor 
at either side, and correct any such tendency by 
means of the four hydraulic jacks connecting the 
body of the machine to the skids. The actual 
equipment is now on trial at New Lount Col- 
liery (National Coal Board, East Midlands Di- 
vision). Once the principle has been proved 
underground it is intended to take the obvious 
next step of using the signals from the sensing 
probes to control the jacks automatically. Before 
the device was fitted to the Midget Miner the 
dirt from the face output was 15 per cent. It is 
now down to 8 per cent. 


Fig. 19 — Midget-Miner skid fitted with coal-sensing device (N.C.B. Mining Research Establishmene) | 


THE GATE ROAD 


Now that the development of fire-resistant 
belts made of p.v.c. is stabilized, belting costs are 
being reduced. Still better belts are being devel- 
oped using man-made fibres, such as nylon, to 
give greater strength from a thinner section with 


. less wear. 


More facilities for bunkering are likely to be 
introduced to keep the coal flowing smoothly 
to the pit bottom, either in the form of bunker- 
ting conveyors or by providing bunkerage at 
the delivery end of the conveyor equivalent to 
the capacity of one mine-car. 

The conveyor drive will be remotely indicated 
to tell whether it is fully loaded, empty or 
stopped. Automatic weighing of the mine cars 
underground can be arranged to give an indi- 
cation either at the pit bottom or on the surface 
of the total instantaneous delivery from each 
district. 


TRANSPORT 


Coal-getting machinery must be backed up 
by an adequate transport system. 


RE 


Fig. 20 — Trolley locomotive 
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Over the last fifty years there have been two 
parallel developments in underground haulage; 
long trunk-belt conveyor systems and the in- 
troduction of locomotives to replace haulage 
engines and ropes. Diesel, battery and trolley 
locomotives (Fig. 20) are all in service under- 
ground. In this field, development will take 
place more by improving the organization and 
the system adopted than in the development of 
new machines. Well-tried equipment is avail- 
able which can be applied to the transport of 
much greater outputs. 

The maximum safe speed of any train is 
governed by the permitted braking distance. At 
present we work on a braking distance of 61 m, 
a minimum deceleration rate of 0.2 miles/h/s 
(322 km/h/s) and 3-second driver’s reaction 
time. It is to be hoped that with a straight, well- 
lit road in settled ground it will be permissible 
to increase the braking distance to 305 m. 
Working on this basis with a 25-ton locomotive, 
plus a 25 ton brake car, hauling a maximum of 
180 tons of coal, in 36 5-ton capacity mine cars, 
the maximun safe speed down a 1/400 gradient 


installation at Silverwood Colliery (by courtesy of English-Electric Co. Ltd.) 


ald: 


is 42 km/h. If it is found impossible to accom- 
modate the required motor capacity on a single- 
unit locomotive, the brake car can be replaced by 
a 25-ton locomotive and the two units operated 
in tandem by one driver. The train will not be 
too long to prevent the driver from seeing the 
end of the train from the driving cab of the loco- 
motive. The locomotive would be of the electric 


pantograph type. 
Track 


Double track will be required to allow the 
locomotive to maintain its maximum speed, once 
it has been reached, without interruption for the 
entire journey. To achieve the standards of safety 
required men would be rigidiy excluded from the 
main haulage road except in the event of an 
accident or other emergency, or by written per- 
mission of the manager. At times of emergency 
the power supply to the overhead wires would be 
switched off before men were admitted to the 
road. The access to the road would be protected 
by gates which could be interlocked with the 
power supply and kept closed except on entry 
and exit of trains. 


Pit Bottom and Loading Points 


The performance of the locomotives in terms 
of tons per hour has been based on a total of 
8 min. per round trip being taken for terminal 
duties, and the layouts of both the pit bottom 
and the loading point must be designed with this 
in mind. 

Exchange sidings would be provided at pit 
bottom, and the principle of operation would be 
for coal trains to be hauled by the main locomo- 
tive between the loading point and the exchange 
sidings where a 20-ton pit bottom battery loco- 
motive (or other mechanical means) capable of 
handling up to four trains per hour to the tippler 
would be provided. 

Sidings are also necessary for materials which 
come down the downcast shaft in cars, also a 
manriding station must be provided with cross- 
overs to enable two trains at a time to stand in 
the station. Manriding and materials will be 
handled, in suitable cars, by the main locomotive 
and the appropriate tracks must be equipped for 
electric pantograph locomotive. 


Signalling and Commamications 


Any modern system of transport requires a 
simple and reliable form of colour-light signall- 
ing. Radio communication with moving trains is 
now a practical proposition and two different 
types of radio network are already in operation, 
one at Herrington Colliery and one at Maltby 
Colliery. 


El u 
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Fig. 21 — C.E.E. mark II underground supplies vehicl 
with cover plates removed. 


These radio networks could be used to control 
a driverless train. The link between the robot 
driver and the dispatcher would be by means of 
the magnetic track already used in surface driver- 
less trolley systems or by means of a guided radio 
link. 

The application of such a system would offer 
a number of advantages in flexibility of operation 
since it would be under the control of the 
dispatcher who could put the whole system into 
operation without depending upon the availa- 
bility of locomotive drivers. 


Materials Transport 


There is a great deal of scope for the method 
study engineer and the development engineer to 
organize materials handling underground and to 
provide the necessary equipment. Special cars 
are needed for the transport of lubricants, arches, 
roof supports, bricks, stone dust, timber, etc. and 
the various loads can be “made up” on pallets on 
the surface. 


Fig. 22 — Hunslet underground supplies vehicle. 


Fig. 23 — Hunslet two-wheel rubber-tyred trailer. 


Already a number of trackless vehicles running 
on rubber tyres is being developed, some to 
carry materials on the vehicle itself, and others 
to tow vehicles behind them (Figs. 21, 22 and 
23). Monorail systems for materials handling are 
also being developed (Fig. 24). The conveyances 
on the monorails can either be operated by hand, 
or be pulled along by a rope driven by an electri- 
cally operated haulage engine. 


THE COLLIERY COMMUNICATION SYSTEM 

In the past colliery communication systems 
have usually consisted of the essential shaft and 
haulage signalling systems with a telephone sys- 
tem of varying efficiency used for general con- 
trol purposes. A paper on colliery communica- 
tion systems has recently been published (ref. 
14) and some of the new developments described 
in that paper will become the standard equip- 


se 24 — Underground Monorail system (Road 
Machines Ltd.). 


ment of the future. It is recognized that central 
control of any undertaking can only be achieved 
by means of an efficient communication system, 
and in a colliery this is essential. An integrated 
system of communications which, in addition to 
conventional speech transmission, will channel a 
variety of operational data and indications to the 
colliery control centre is possible. 

The basis of such a system must be a tele- 
phone network since the reliability and simplici- 
ty of the telephone is not likely to be excelled 
by any other device for a very long time. The 
telephone system will be served by one automatic 
exchange which will have both underground and 
surface extensions and will provide direct access 
to the Post Office public exchanges for selected 
extensions. 

Each underground extension will be fitted 
with the means of establishing a priority call 
which will over-ride normal traffic and appear 
at a priority switchboard in the control centre. 
This concept has now become fact in that this 
system is already in operation at Solway Colliery, 
with the exception of direct connection with the 
Post Office lines, and several similar systems 
are to be installed in the near future. 

The layout of a colliery and the consequent 
dispersion of the personnel means that, no mat- 
ter how efficient the telephone system, it is im- 
possible to effect immediate contact on every 
occasion with the required person. In a field 
survey (ref. 15) covering a number of collieries 
it was established that calls in the management 
category, i.e. calls dealing with supplies, main- 
tenance and pit control, were more subject to 
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delays than any other type of call. More than 
20 per cent of such calls took longer thans 5 
minutes to make effective communication. This 
fact, coupled with the high cost of underground 
cables, will encourage the wider use of guided 
radio. 

At present underground radio equipment 
must still be considered as in the development 
stage. A large number of tests has been made 
in the last two or three years using an approved 
design of portable set. It was first thought that 
the radio signal could be impressed on any con- 
ducting path which existed in the roadways. 
This was possible in one colliery but almost 
impossible under very similar conditions in 
another colliery, so that results varied from 
several miles to only a few yards. There are two 
possible remedies which will be sufficiently 
effective to be applicable to any colliery. The 
first is to run out a lightly insulated conductor 
which can be maintained free of earth contacts. 
This is efficient and cheap. The second is the 
logical development of the existing equipment to 
provide more power for smaller dimensions and 
lower weight. 


The first approach has been proved in the 
Herrington Colliery locomotive installation 
where communication of good quality and relia- 
bility has been achieved between the pit bottom 
and several locomotives operating over some 
miles of roadway. The advent of greater power 
and the improved reliability possible with the 
guide wire will give this system an efficiency 
comparable with a telephone system. One ob- 
vious application for radio signalling is the 
provision of a speech channel between the haul- 
age engineman and the rider on a manriding 
haulage. 


This development of higher powered sets is 
now in its final stages and a fully approved 
transistorized portable set will soon be available. 
This model is nearly 50 per cent lighter and 
smaller than the original design and gives an 
output ten times as great from a single rechar- 
geable nickel-cadmium cell. In addition, a sta- 
tionary set giving 100 times the output of the 
original portable will be used for base stations 
or for locomotives. 


The continued improvement of radio equip- 
ment will mean that speech communication will 
be provided by complementary radio and tele- 
phone services. All officials, men working in 
situations without telephone facilities, inspection 
parties and manriding haulages, are some ob- 
vious applications for radio channels. 


In the field survey (ref. 15) already men- 
tioned, it was found that the largest group of 


telephone calls was classified as “information”. 


Such calls provided the details on which the 
manager based his assessment and control of the 
colliery. For the operation of a higly mechanized 
unit the meagre data thus obtained is totally in- 
adequate. Under the present verbal reporting 
system in common use considerable delays can 
occur of which the management is completely 
unaware. 


Colliery C omtol Centre 


The colliery control centre must therefore be 
informed immediately of stoppages. It must be 
able to assess the utilization of machinery on 
a shift or daily basis. The only way to effect 
such control is by means of an indication and 
telemetry system. There are already some half 
dozen or so indication systems in use in which 
two or three states can be indicated at the sur- 
face and equipment to provide telemetry chan- 
nels is now in an advanced design stage. The 
success of any such system will depend upon the 
intelligent use of the information provided. If 
no use can be made of the information no pur- 
pose is served by providing it. 

Two commonly used methods for providing 
multi-channel working over one cable are the 
multi-frequency carrier system and the time 
division multiplex which permits each channel 
a proportion in time of the services of one cable. 
Examples of each type are to be installed at four 
collieries in the near future. It may be possible 
to combine the two methods so that the colliery 
of the future will be covered by a multi-channel 
sub-divided into a high speed multiplex. This 
will provide hundreds of signalling facilities 
without the need for very high frequencies and 
with the minimum number of standardized units. 

By means of suitable transducers almost any 
parameter can be signalled over the telemetry 
network and the possible applications are so 
varied that it is beyond the scope of this paper 
to consider them all. Apart from its day-to-day 
role of a management tool for operational con- 
trol some of the technological aspects are impor- 
tant enough to warrant examination. 


Some applications of the Telemetry System 


The increase in mechanization has been so 
rapid that a reasoned assessment of the perform- 
ance of many devices has not been possible by 
normal methods of manual observation and 
recording. If it is possible to impose chart re- 
corders on the various factors relating to a given 
installation then operational data over a long 
period can be obtained. 

To consider a particular case, assume that 
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‚a new type of coalcutter is installed. The re- 
corders in the surface control room will provide, 
say, the following information: 
(1) The starting and stopping and the runn- 
ing time of the cutter motor 


(2) The variations in total torque demands 
as a function of the electrical load taken 
by the motor 

(3) The load imposed by haulage require- 
ments from a load cell in the chain sys- 
tem 

(4) Cutter and haulage speeds from the out- 
put of tachogenerators 

(5) Trailing cable performance in terms of 


variation in core capacitance, measured 

at the gate-end box. 
These parameters would be recorded on charts 
directly, but the charts provide a convenient 
place to log such information as the changing of 


the trailing cable, cutter picks or any other com-. 


ponents. It can be seen that from this data and 
from an appraisal of the face conditions, the 
mechanization engineer can make a detailed 
assessment of the complete installation. There is 
also material for consideration by the electrical 
engineer, the mechanical engineer, the method 
study engineer and the metallurgist. 

Safety requirements are one of the most im- 
portant fields in which telemetry can offer as- 
sistance. It will be possible to establish monitor- 
ing stations throughout the underground work- 
ings which will provide a constant check on 
those factors which may offer a hazard. The 
station could include a methanometer, an anemo- 
meter, load cells on props or arches and some 
means of fire detection. If any of these devices 
should detect an abnormal condition then an 
alarm would be given at the control centre 
where the appropriate action would be initiated. 

Alternatively, the output of the monitoring 
devices could be recorded for the attention of 
the ventilation engineer or the strata control 


engineer. 


Flame Methanometer 


The eight-day flame methanometer developed 
by the Mining Research Establishment calls for 
comment. The instrument is a derivative of the 
gas-testing Davy lamp which, indeed, it resembles 
in outward appearance. The flame is fed with a 
very accurately controlled flow of butane gas 
(instead of oil fed by a wick). This ensures that 
when burning in an atmosphere of pure air, the 
heat output of the flame remains constant to an 
accuracy better than 1 per cent. The heat output 
is measured by a ring of eight thermo-couples 
above the flame. When the atmosphere contains 
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methane the heat output, hence the electrical 
output of the thermo-couples, increases. For 1 
per cent methane the increase of electrical out- 
put is about 20 percent so that the instrument is 
inherently very sensitive. The thermo-couples 
give an output sufficient to operate a robust 
pen-recorder directly without the need for am- 
plifiers. The instrument has the great merit of 
monitoring methane concentration continuously 
and automatically. It has been proved to retain 
an accuracy better than 0.1 per cent methane 
over long periods. 

Initially, it is intended that the instruments 
together with their chart recorder will be located 
at strategic points underground. Attention un- 
derground will be needed at weekly intervals for 
tefuelling and changing recorder charts. An ob- 
vious development is to site the recorders at a 
suitable point on the surface and telemeter the 
thermo-couple signals to this point. With this 
in mind an intrinsically safe unit for converting 
the d.c. thermo-couple output to a varying audio 
frequency has been developed. 


The Detection of Fires 


In a previous sub-section reference was made 
to a fire detector for use in remote parts of a 
mine as a possible transducer for a telemetry 
system. In Great Britain their use is controver- 
sial but abroad, particularly in South Africa, a 
great deal of attention is afforded to such de- 
vices. (ref. 16). There they have considered both 
local and remotely indicating detectors. 

For the remote indication of combustion there 
is a number of types of detector in industrial 
use. For the detection of smoke and other com- 
bustion products the conductivity of ionization 
chambers is used. In Australia such devices have 
operated at distances up to 2,000 yards from a 
fire. Photo-electric devices can be used to pick up 
radiation and flicker emissions. Ultra-violet and 
infra-red detectors can be made sensitive to 
various gases, say CO and CO», and to operate 
when the concentration exceeds a given figure. 

Each of these methods suffers from distinct 
short-comings when applied to mining, but in 
the low manpower pit of the future some means 
of fire detection may be necessary. 


CONCLUSION 


I have only been able to cover some of the 
advances which technology can help, and is 
helping, us to make in our attempts to extract 
coal from the earth efficiently and to give a 
satisfying job to the thousands of men and 
women employed in the industry and a safer and 
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pleasanter working life for those who have to 
work underground. 

I have perforce excluded from this lecture any 
reference to coal preparation; any account of the 
prodigious efforts now being made by the 
National Coal Boord to develop smokeless fuels 
both for the open grate and for closed type 
stoves; or of the efforts being made by the Gas 
Board and others to obtain gas from coal by 
new processes; or of the work done by the 
British Coal Utilization Research Association ta 
extend the range of devices available for the 
efficient combustion of coal and the uses of coal 
itself. I have confined myself to the field of 
production. 

In this field to help us with our specialised 
problems we must also harness for our own 
benefit the vast range of improvements being 
made in allied fields - in metallurgy; in the use of 
man - made fibres and other synthetic products; in 
mechanical and electrical machine design, in 
instrumentation,; in communication; in the me- 
dical field; in the use of electronics and hydrau- 
lics; and so on. An interplay of technologies is 
essential to rapid progress. 

A rapid advance in technology on the pro- 
duction side needs good technologists, good min- 
ing-mechanical and mining-electrical engineers, 
good mechanics and electricians of the mine, 
good craftsmen. 


All the new and complicated machinery and 
apparatus must be well maintained, safe to 
operate, reliable, efficient and suited to its pur- 
pose. There must be a strong and adequate en- 
gineering organization to back up the mining 
operations. Information must be accurate and 
readily available, communications must be im- 
proved and there must be a proper assessment of 
costs so that the value of any new technological 
advance can be accurately predicted. 


Machines without the men to look after them 
who understand both their purpose and the 
principles on which they operate are merely a 
costly encumbrance. Our Association has a great 
part to play in guiding the education and train- 
ing of these men and in stimulating their desire 
to improve their scientific and technical skill. 


Only when such men are recognized as equal 
partners in the daily struggle to win coal safely 
and economically will sufficient mechanical, 
electrical and civil engineers, sufficient mechan- 


ics, electricians and craftsmen, of the right calibre 
be attracted to our industry. 
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ABSTRACT 


The stratigraphic column and the tectonic evolution 
of the Cordillera Vilcabamba in south-eastern Peru are 
discussed. 

New data are given on the pre-Carboniferous stra- 
tigraphy. Attention is drawn to the pre-Carboniferous 


age of the widespread volcanic rocks of acid to inter-- 


mediate character, hitherto assumed to be Permian. The 
Vilcabamba batholith is proved to be of Paleozoic age 
(post-Middle Devonian and pre-Middle Permian); it 
is assumed that the batholitic invasion is related to the 
major orogeny which marked the close of the Lower 
Paleozoic. The Mitu volcanic rocks (Permian) prove 
to be exclusively of intermediate to basic character. 

Six important orogenic phases are inferred and an 
estimation is made of their role in the development of 
the present structure pattern of the Cordillera. This 
leads to the conclusion that the structural evolution 
was largely completed prior to the deposition of the 
Cretaceous sequence. It is clear that the influence of 
the Andean movements in south-eastern Peru has been 
unduly stressed in the past. 


INTRODUCTION 

Extensive parts of the Cordillera Vilcabamba 
were studied during three visits to south-eastern 
Peru, in 1952, 1956 and 1959. The present paper 
gives a synopsis of the principal results, with 
special attention to the tectonic evolution of the 
mountain system. 

A complete report, containing a detailed geo- 
logical map, is in course of preparation. 


REMARKS ON THE STRATIGRAPHIC COLUMN. 


Figure 2 gives the essentials of the stratigraphic 
column represented in the parts of the eastern 
Cordillera Vilcabamba studied. It is mainly based 
upon the results of our 1959 visit, which yielded 
a number of data necessitating a revision of the 
provisional interpretation (Egeler & de Booy, 
1957). Only some of the principal features of 
the stratigraphy are discussed in the present 
paper, the details being largely reserved for future 
publication. 

The backbone of the Cordillera Vilcabamba, 
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exposed over extensive areas in its central parts, 
is formed by a folded complex of Pre-Cambrian 
and Lower Paleozoic rocks invaded by a batholith. 
Our 1956 investigations led to a rough subdi- 
vision of this folded complex into three distinc- 
tive units, but provided neither information on 
their age nor satisfactory criteria for their dis- 
crimination. In 1959 we were more succesful, as 
we now found graptolites at several localities and 
thus obtained an important clue to the age 
problem. Further, the microscopic study of a great 
number of samples yielded conclusive criteria for 
discrimination. 

The oldest formation represented within the 
Vilcabamba region consist largely of micaschists 
with intercalated amphibolites; the schists usually 
contain garnet and occasionally staurolite and 
sillimanite. The principal outcrop of this me- 
dium- to high-grade metamorphic unit is found 
directly west of the Salcantay massif; a number 
of smaller outcrops were observed in the Colpa- 
pampa—Yanama zone. The formation may be 
safely referred to the Pre-Cambrian. It forms part 
of the Brazilian shield, peripheral parts of which 
seem to be incorporated within the Cordilleran 
belt. 

Unconformably overlying the micaschists is a 
formation characterized by a monotonous sequence 
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Fig. 1 —Index-map of part of the Cordillera Vilca- 
bamba, giving localities mentioned in text. 
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of quartzitic rocks and slates, which latter fre- 
quently grade into rocks of phyllitic habit, as the 
degree of metamorphic recrystallization varies 
considerably from place to place. Increase in the 
rectystallization can partly be attributed to dif- 
ferential movements, but the influence of plutonic 
intrusion must also be taken into account. In the 
vicinity of the batholithic mass the thermal meta- 
morphism has given rise to hornfelses, and in- 
tensely feldspathized rock types are developed 
locally, i.e. micaceous gneisses commonly with a 
migmatic aspect. In this latter case it may become 
rather difficult to distinguish them from the mi- 
caceous rocks of the underlying formation, but 
the frequent occurrence of rocks types transitional 
between finely granular schistose hornfels and 
gneiss has convinced us that the great majority 
of the gneissic rocks belongs to the younger for- 
mation. Local intercalations of limestone, found, 
e.g., in the region of the Pico Soray, are pro- 
visionally assigned to the sequence. The wide- 
spread occurrence of dykes and sills of basic com- 
position throughout the unit is a very characte- 
ristic feature. Mention should also be made of 
large intrusive bodies of rhyolitic to dacitic com- 
position which outcrop, e.g., in the massif of the 
Cerro Veronica. In the absence of fossils the age 
of the formation could not be definitely esta- 
blished. We know, however, that it is pre-Ordo- 
vician, as it is unconformably overlain by rocks 
of proved Lower Ordovician age. The unit ob- 
viously corresponds with Steinmann’s (1929) 
„Phyllite formation”, which is commonly assumed 
to be of Pre-Cambrian age (see also Fricker, 
1960). The unit has its greatest distribution in 
the northern part of the Vilcabamba region — 
sometimes distinguished as the Cordillera Vero- 
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nica — but extensive outcrops are also found 
further south. + 

The youngest of the pre-Carboniferous for- 
mations, unconformably overlying the foregoing 
one, consists mainly of a sequence of sandstones 
and slates, with local intercalations of conglom- 
erate, which occasionally attain great thickness. 
In fact, one of the most characteristic features of 
the unit is the considerable variation in the 
relative amounts of the constituent rock types 
from one place to another. At several localities 
to the south of the Rio Urubamba (Fig. 1) the 
slates were found to contain graptolites, indi- 
cating a Lower Ordovician age. At most of these 
localities the fauna indicates a Lanvirn age, 
problably bifidus zone. 

One locality, however, (at the lower end of 
Quebrada Silque) yielded graptolites of Arenig 
age, i.e. Tetragraptus quadribrachiatus and small 
extensiform didimograptids ? - to our knowledge 
the first evidence of Arenig in Peru. Very similar 
rocks, outcropping to the north uf the Urubamba 
river in the basal parts of the Veronica massif, 
did not yield graptolites but undetermined plant 
fragments instead. Though conclusive evidence 
is lacking, we are inclined to believe that we are 
dealing with a comprehensive series, ranging 
from the Lower Ordovician through the Silurian 
into the Devonian, as recently suggested by Katz 
(1959). In this connection the finding by Fricker 
(1960) of Lower Devonian rocks in the western 
part of the Cordillera Vilcabamba seems very 
important, as indications of Caledonian orogeny 
have not been found in this part of the Andes. 


2 According to determinations by Dr. 1. 


(Birmingham). 
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Fig. 2 — Tentative stratigraphic column of Eastern Cordillera Vilcabamba. 
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It should be noted that the presence of Upper 
Devonian has not been recognized in south- 
eastern Peru. In various parts of the region in- 
vestigated volcanic activity appears to have been 
contemporaneous with at least part of the sedi- 
mentation. There is reason to believe that this 
volcanism attained its greatest intensity at a 
telatively late stage, but it started as early as the 
Ordovician, as is indicated by the presence of 
volcanic detritus and the occurence of tuffaceous 
intercalations throughout almost the entire se- 
quence. It is important to note that this Lower 
Paleozoic volcanism is predominantly of acid to 
intermediate character, being mainly represented 
by rocks of rhyolitic, dacitic and andesitic com- 
position. These rocks commonly show consider- 
able alteration, especially sericitization and albi- 
tization. Most of the acid rock types are clearly 
ignimbrites. The volcanic rocks constitute many 
of the extensive masses which hitherto were 
considered to represent the „Mitu-volcanism” of 
the Permian (see below). Large hypabyssal bodies 
of comparable composition, occurring in close 
association with the volcanic rocks, are provision- 
ally assumed to represent the same igneous cycle. 
Some remarks should be made here on the 
difficulties encountered during the mapping of 
the two slate-bearing formations described above, 
largely due to the afore-mentioned variation in 
the degree of metamorphic recıystallization in 
the pre-Ordovician sequence In many instances 
we found this recrystallization to be so weak 
that the difference between these rocks and the 
very slightly metamorphosed rocks of the over- 
lying unit becomes hardly noticeable. Distinction 
in the field between lithologically comparable 
elements of the two formations and especially 
distinction between the slates may thus be diffi- 
cult or even impossible. In zones of intensive 
tectonization, where the mutual relation of the 
various elements of either unit is obscure, this 
may lead to serious difficulties, which cannot be 
settled without the aid of the microscope. For- 
tunately our microscopic studies yieded several 
criteria for discrimination, the principal and 
most conspicious one being that the argillaceous 
rocks of the older unit invariably show two 
s-planes, viz. a schistosity (sı) and a super- 
imposed cleavage (s3), whereas those of the 
younger unit show only the latter s-plane. 
Undoubtedly much of the confusion regarding 
the pre-Carboniferous stratigraphy of south-east- 
ern Peru must be ascribed to this convergency in 
degree of metamorphic recrystallization. There 
has always been a tendency for geologists work- 
ing in the south-eastern Cordilleras to refer all 
slightly metamorphic assemblages in which 
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slates are more or less abundant to the Ordovician 
or to a comprehensive series including the Or- 
dovician, even when fossil evidence is entirely 
lacking. Our results indicate that this may lead 
to serious errors. In the Cordillera Vilcabamba 
extensive outcrops of such very low-grade meta- 
morphic rocks undoubtedly belong to a pre-Or- 
dovician formation, that it separated from the 
Ordovician by an important orogeny and is 
Presumed to be of Pre-Cambrian age. We have 
ample reason to believe that the same general 
conditions are valid elsewhere in south-eastern 
Peru. In our opinion the use of the term „Phyl- 
lite formation’ for the pre-Ordovician unit should 
be discontinued in view of the fact that the 
phyllite stage ‚of metamorphism has frequently 
not been reached. 

In south-eastern Peru the close of the Lower 
Paleozoic appears to have been marked by 
strong orogeny, giving rise to intensive folding. 
As will be discussed below, we believe the em- 
placement of the batholith (Fig. 3) - usually 
referred to as the Vilcabamba batholith - to be 
related to this orogenic phase. Modal analyses 
show that the composition of the plutonic mass 
varies considerably, but that in the eastern part 
of the Cordillera Vilcabamba adamellite is the 
most abundant rock type, with frequent grada- 
tions to granodiorite. In the western part of the 
range granodiorite is reported to predominate 
(Fricker & Weibel, 1960). 

The first deposits of the Upper Paleozoic 
within the region investigated are referred to 
the Copacabana group, characterized by a fusu- 
linea-bearing sequence of Lower Permian age, 
presumably with rocks of the Pennsylvanian at 
the base. Only some small outcrops are found 
and the contact relation with the underlying 
rocks is seldom clear. There is no doubt, how- 
ever, as to the importance of the unconformity. 

The marine deposits of the Copacabana are 
unconformably overlain by continental deposits 
of the Mitu group. A sequence of coarse con- 
glomerates with interbedded volcanic rocks, oC- 
curing locally in the basal section, is referred to 
the Pachatusan formation. More commonly, how- 
ever, the group is represented by the characte- 
ristic sequence of red sandstones and shales of 
the Huayllabamba formation. The Mitu depo- 
sits rest upon rocks of the Copacabana group or, 
more frequently, directly upon the eroded sur- 
face of the pre-Carboniferous complex. The 
angle of unconformity between Copacabana and 
Mitu seems to be rather small; near San Salvador, 
to the west of the region investigated, there is 
almost parallelism. The dating of the Mitu group 
still seems uncertain, and unfortunately our in- 
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Fig. 3 — Granitic mass (gr) of Nevado Salcantay (Vilcabamba batholith) protruding from: its envelope of thermally metamorphosed quartzites and phyllites of 


presumably 


Pre-Cambrian age. (viewed from the east). 


vestigations provided no new data on this sub- 
ject. It may suffice to say that Newell, Chronic 
and Roberts (1953) refer the sequence to the 
Middle and/or Upper Permian, leaving open 
the possibility that the Huayllababmba formation 
may include younger rocks. 

We do not intend to elaborate here on the 
Mitu group, but attention must be drawn to 
the nature of the ’Mitu volcanism’. We found 
the volcanic rocks intercalated in the sedimen- 
tary sequence to be of intermediate to basic com- 
position, andesites being the most abundant, 
with frequent gradations into basalt, whereas 
rhyolitic rocks are conspicuously lacking. It 
seems that this predominantly intermediate to 
basic character of the Permian volcanic rocks 
provides a convenient criterion for distinction 
from the volcanic products of the Lower Paleo- 
zoic, which latter comprise comparable rocks of 
intermediate composition, but in this case in- 
variably closely associated with acid rocks, 
which include abundant rhyolites. As men- 
tioned already, our observations indicate that 
the extensive masses of acid to intermediate 
volcanic rocks outcropping on both sides of the 
Rio Urubamba in the Ollantaytambo region - 
formerly considered to represent the Mitu vol- 
canism (see e.g. Newell, Chronic and Roberts, 
1953 - are actually of pre-Carboniferous age. 
We are inclined to believe that this distinction. 
will prove to be of regional significance. 


The deposition of the Mitu sequence was 
followed by folding, thrusting and uplift. The 
Paleozoic complex is truncated by the overlying 
Yuca formation, which cuts across the older 
rocks in a conspicuous way (Fig. 6). At the base 
of the formation are well defined beds of sand- 
stone, which proved both in the field and under 
the microscope to be identical to Huancane 
sandstone of the Titicaca region, which Newell 
(1949) refers to the Cretaceous. The sandstones 
pass upwards into a sequence of highly gypsi- 
ferous siltstones and shales with intercalated 
limestones. At Cerro Yahuarmaqui these lime- 
stones have yielded Cenomanian ammonites 
(Kalafatovitch, 1953, 1960). 

In the region investigated the Yucay forma- 
tion is capped by volcanic rocks of predominantly 
intermediate character, assumed to be of Ter- 


tiary age 


PALEOZOIC AGE OF THE VILCABAMBA 
BATHOLITH 
The age of the granitic rocks of south-eastern 
Peru, and more especially the age of the Vilca- 
bamba batholith, has always been a matter of 
pure conjecture, for want of accurate field ob- 


servations and adequate knowledge of the 
Cordilleran stratigraphy. Opinions have varied 
from Paleozoic to Tertiary. We ourselves initi- 
ally favoured a Tertiary age? (Egeler & De 
_ Booy, 1957),but our supplementary observations 
show that this view must be rejected and that 
the granitic rocks are actually Paleozoic. Evi- 
dence thereof is found in the lack of metamor- 
phism in rocks of the Mitu group when uncon- 
formably overlying thermally metamorphosed 
Ordovician rocks (Fig. 4), and in the presence 
of thermally metamorphosed pre-Carboniferous 
rocks as detrital fragments in non-metamor- 
phosed sandstones andconglomerates of the Mitu. 
Unfortunately no such conclusive evidence is 
available on the age relation between the plu- 
tonic rocks and the rocks of the Copacabana 
group. We are inclined to believe, however, that 
they are pre-Copacabana, i.e. pre-Pennsylvanian; 
the nature of the angular unconformity between 
the Copocabana and the overlying Mitu seems 
less impressive than one would expect if it re- 
presented a phase of major folding accompanied 
by plutonic intrusion on a regional scale. Fur- 
thermore, we know for certain that the batholith 
was emplaced after the main folding of the pre- 
Carboniferous sequence, as the fold structures 
are truncated by the contact planes. Therefore 


3 This view was mainly based upon the thermal 
metamorphism of rocks at that time thought to be 
Permian (Mitu), but which our later observations 


proved to be Lower Paleozoic. 


Fig. 4 — Ordovician - Permian unconformity, about 2 
kilometres north of Nevado Caracruz. The Ordovician 
is represented by quartzites and slates showing lowgrade 
thermal metamorphism. The overlying non-metamor- 
phosed conglomerates and sandstones of the Permian 
(on the left) form part of the Huayllabamba formation 
(Mitu group). At this particular locality the angle of 
discordance is only small, though the contrary 1s sug- 
gested as the strong cleavage (cl) in the Ordovician 
rocks partly masks the stratification (st). 
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it seems logical to assume that the batholitic 
invasion in the Cordillera Vilcabamba is related 
to the major orogenic phase at the close of the 
Lower Paleozoic (see below). 


TECTONIC EVOLUTION 

It is generally realized that parts of the moun- 
tain system of south-eastern Peru are complex in 
character and that the role of pre-Andean struc- 
ture should not be underestimated. Yet it is 
commonly accepted that the regional structure is 
largely a product of the late Mesozoic to Ter- 
tiary orogenic movements. In this connection a 
tecent statement by Katz (1959, p. 722) may be 
cited; he claims that in south-eastern Peru the old 
structures are in most cases '....overcome by 
the Tertiary folding and turned over into the 
new system of mountain-building‘. Our investi- 
gations in the Cordillera Vilcabamba have con- 
vinced us, however, that the contrary is true. 
In fact, an estimation of the role of the various 
orogenic cycles and their influence on the 
Cordilleran structure leads to the conclusion that 
the structures produced by older orogenic phases 
strongly predominate over those induced by the 
Andean movements and that these latter have, 
actually been unimportant for the present struc- 
tural pattern. ; 

We have no reason to assume that the two 
oldest orogenies distinguished in the Cordillera 
Vilcabamba - i.e. those represented by the major 
unconformities separating the three pre-Carboni- 
ferous formations - are of much importance for 
the present structure. Our observations suggest 
that their effects have been largely overcome by 
the strong movements at the close of the Lower 
Paleozoic. In fact, it are these movements which 


, we hold to be mainly responsible for the fold 


pattern of the pre-Carboniferous core of the 
Cordillera. They represent an carly phase of the 
Hercynian orogeny which apparently played a 
far more important role in south-eastern Peru 
than is commonly realised. As mentioned already, 
we assume the plutonic intrusion to be related to 
this major orogenic phase, in agreement with the 
view recently expressed by Katz (1959) *. 


4 We must emphasize that our findings disprove 
Katz’s assertion that the plutonic rocks in south- 
eastern Peru are predominantly alkaline. As mentioned 
already, we found the Vilcabamba batholith to be 
mainly adamellitic and granodioritic in composition; in 
adjoining regions, visited in reconnaissance, all the 
plutonic rocks found proved to be of comparable 
character. Nor do we consider it likely that these calc- 
alkaline rocks belong to the same igneous cycle as the 
alkaline rocks of the Carabaja range in south-eastern 
Peru. In fact, we do not consider the age of the latter 
to be convincingly established and we have reason to 
believe that they are considerably younger than De- 
vonian, as assumed by Francis (1956). 


‚to the east of the Veronica massif. Quartzitic rocks and slates (Qtz+Sl) of presumably 


conglomerates (Cgl) and undifferentiated volcanic and sedimentary rocks (Vol + Sed) of the Lower Paleozoic. 


Fig. 5 — Thrust-faulting in the north-eastern part of the Cordillera Vilcabamba 
Pre-Cambrian age; 


It seems that the folded pre-Carboniferous 
complex, welded together by the batholitic mass, 
reacted to later movements largely by warping 
and/or thrust-faulting. A first instance of this 
is found in the Copacabana-Mitu unconformity, 
representing a second Hercynian phase, at the 
end of the Lower Permian. The character of this 
angular unconformity suggests regional warping 
of the basement complex with its Copacabana 
cover, rather than pronounced folding. There has, 
however, been strong uplift prior to the deposi- 
tion of the Mitu sequence, resulting in the re- 
moval of the greater part of the Copacabana, 
only small remnants of which are preserved 
locally. 

Renewed movements, of far greater intensity, 
took place after the deposition of the Mitu. They 
led to considerable deformation of the Upper 
Paleozoic strata, throwing the well-bedded rocks 
of the Huayllabamba formation into steep folds. 
It is not easy to judge the influence of these 
post-Mitu movements on the pre-Carboniferous 
basement. In the north-eastern part of the range 
their principal effect seems to have been thrust- 
faulting of considerable intensity (Fig. 5). It 
may be noted that the thrust planes dip steeply 
in NNE-NE direction, the usual dip direction 
of the pre-Mesozoic rocks in the central parts of 
the Vilcabamba range, which is in sharp contrast 
to that commonly observed in the Cordilleran 
belt (see also Gerth, 1915, p. 136). It is obvious 
that the cause of this apparent anomaly lies in 
the pre-Andean origin of the structure. The pre- 
Cretageous age of the thrusts is evidenced by 
their truncation at the contact with the overlying 
Yucay formation. No further indications are 
available on the age of these post-Mitu move- 
ments, i.e. whether they represent a late Hercy- 
nian phase at the close of the Paleozoic, or the 
Nevadan phase, or perhaps both. We may em- 
phasize that the folded and faulted Paleozoic 
complex has been subjected to very strong ero- 
sion prior to the deposition of the Cretaceous, 
causing the unconformity between the two to be 
very striking indeed. 

The Cretaceous rocks themselves have not 
been affected by strong orogeny, but individual 
strata do show complex structures, at least par- 
tially attributable to the abundance of gypsum 
within the sequence. The unit as a whole, how- 
ever, unconformably overlies the Paleozoic 
complex as a relatively undisturbed mass merely 
influenced by warping and faulting (Fig. 6). 

The above reconstruction of the tectonic evo- 
lution of the Cordillera Vilcabamba clearly 
illustrates that its present structure pattern is 
essentially of pre-Andean origin, having been 
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Fig. 6 — Angular unconformity between the Lower Paleozoic and the Cretaceous, in the 
southern slope of the Urubamba valley, east of Ollantayrambo. The Lower Paleozoic is 
represented by volcanic rocks, steeply inclined in parts, whereas the overlying Cretaceous 


sediments (sandstones, 


gypsiferous siltstones and shales, and limestones 


of the Yucay 


formation) are relatively undisturbed. 


largely completed prior to the deposition of the 
Cretaceous sequence. In the past the role of older 
orogenic cycles has apparently been greatly 
underestimated and the influence of the Andean 
movements unduly stressed. This assertion seems 
valid for the entire mountain system of south- 
eastern Peru and the adjoining parts of northern 
Bolivia. It is interesting to note that very similar 
conditions have recently been recognized in the 
Coastal Cordillera of northern Chile, where Zeil 
(1961) found that the folding - formerly assumed 
to be largely Andean - is almost exclusively 
restricted to the pre-Mesozoic sequence. 
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GEOLOGISCH EN MIINBOUWKUNDIG NIEUWS 


ZELDZAME VONDST DOOR SHELL-GEOLOGEN. 


Onlangs werd door Shell geologen in de Verenigde 
Staten een platte steen gevonden die meer dan 90 goed 
bewaard gebleven voetsporen van fossiele zoogdieren 
bevatte. Deze plaat is door de Shell aan het Smithso- 
nian Institute in Washington geschonken, waar het een 
plaats zal krijgen in de afdeling: Tertiaire zoogdieren 
van het instituut. De aanbieding geschiedde bij de in- 
gebruikneming van deze afdeling waarmede het insti- 
tuut werd uitgebreid. 


Het blok „Strawberry”, genoemd naar de Straw- 
berry Canyon in het westelijk deel van het Uinta Basin 
in de staat Utah, werd ontdekt door de Shell geologen 
H. D. Curry en D. A. Preston. De sporen zijn ongeveer 
40 miljoen jaar oud en dateren uit het Eocene tijdperk. 
Het platte blok weegt ruim 450 ke. 

Tot nu toe werden betrekkelijk weinig vondsten van 
sporen van fossiele zoogdieren gerapporteerd en feite- 
lijk geen enkel waarbij zulk een groot aantal en ver- 
scheidenheid van afdrukken werd aangetroffen als op 
deze steen bijeen zijn. 

Onder de 90 afzonderliik en duidelijik op de 


Gedeelte van de „Strawberry’” plaat. 


sporen. 


plaat te onderscheiden voetafdrukken zijn er ten minste 
vier verschillende typen van drie-tenige zoogdieren. 
Andere sporen heeft men kunnen herkennen als te zijn 
afkomstig van een hondachtig dier, een kleiner katach- 
tig dier met duidelijke klauwen en voorts van vogels. 


N.A.M. BORING IN DE NOORDZEE 


De Nederlandse Aardolie Maatschappij zal de op- 
sporing naar aardolie in het westen van het land voort- 
zetten met een exploratieboring in de Noordzee. De 
locatie is gelegen op 52° 04’ 46” noord en 
4° 09 32” oost, voor de kust bij Kijkduin in de con- 
cessie „Rijswijk” en binnen de territoriale grens. 

Op het in Engeland gebouwde en in Nederland ver- 
bouwde en versterkte booreiland wordt de boorinstalla- 
tie geplaatst. 

World Wide Helicopters zal de verbinding tussen 
het booreiland en het vliegveld Zestienhoven verzorgen 
en een sleepboot zal voortdurend bij de boring be- 
schikbaar blijven. 

Gehoopt wordt voor eind september een diepte van 
2000 m te bereiken. 


Het muntstuk (halve dollar) geeft een idee van de grootte van de voet- 


(Shell-foto) 


TECHNISCH VERSLAG VAN DE ORAN]JE- 
NASSAU MIJNEN OVER 1960. | 


De netto kolenproduktie bedroeg in 1960 2.396.000 
ton en vertoonde daarmede opnieuw een stijging ten 
opzichte ‚van de produktie van het voorafgaande jaar. 
Deze stijging bedroeg 3,7%. De produktie per man- 
dienst nam toe met 8,9%, terwijl het aantal verrichte 
mandiensten met 4,8% verminderde. 

De geologische verhoudingen van de geexploiteerde 


lagen vertoonden in zoverre een wijziging, dat de 


netto laagdikte verminderde van 98 cm in 1959 tot 
92 cm in 1960. 

Het deel van de produktie, verkregen met behulp 
van mechanische winningsinstallaties, beliep 44% van 
de totale produktie van de onderneming. 

Aan het einde van dit verslagjaar werd de koolwin- 


' ning op de mijnzetels II en IV uitsluitend met behulp 
‚ van mechanische winningsinstallaties uitgevoerd, zodat 


voor het volgende jaar een sterke stijging van de me- 
chanisatiegraad van de koolwinning is te verwachten. 
In de wijze van de mechanische winning en van de on- 
dersteuning in de mechanische pijlers deden zich geen 
belangrijke wijzigingen voor. 


Aan de toepassing van hydraulische stijlen werd uit-. 


breiding gegeven, in het bijzonder ter verbetering van 
de dakbeheersing bij de mechanische winning van dik- 
ke lagen. 


‚ Nadere bijzonderheden omtrent de exploitatie: 


Op de mijnzetel O.N.I nam in het zuidelijkste deel 
van de concessie de winning een aanyang, nadat een 
skipopbraak, bestemd voor aanvoer van vulstenen in 
dit gebied, in gebruik was genomen. 

De wanden van de schachten van de mijnzetel 
O.N. II werden elk, op de plaats waar zij waren gede- 
formeerd, versterkt. Daartoe werd in beide schachten 
over een lengte van S m een nieuwe bekleding tegen 
de oude aangebracht. 

Ondanks de vermindering van de netto laagdikte 
van de geexploiteerde lagen tot 71 cm, steeg de pro- 
duktie van de mijnzetel O.N.II. De winning van de 
dunne tot zeer dunne lagen verliep in het algemeen 
bevredigend, mede dank zij de aanpassing van het pij- 
lerstutmateriaal aan de omstandigheden in deze dunne 
lagen. 

Op de mijnzetel O.N. III nam de winning van kolen 
boven de 318 m-verdieping een einde. De ophaal- 
installatie van de schacht, die voor het vervoer van 
deze kolen heeft gediend, werd verlengd tot de 545 
m-verdieping. 

Tussen de mijnzetels O.N.III en O.N.IV kwamen 
(op de 545 en 420 m-verdieping) een intrekkende resp. 
een uittrekkende luchtsteengang gereed. 

Op de 545 m-verdieping werd de aanleg van steen- 
gangen ter ontsluiting van laag VII voortgezet. 

De ontsluiting en de voorbereiding van laag Fine- 
frau a werd op de mijnzetel O.N.IV krachtig voort- 
gezet. Watertoevloed werd bij de voorbereiding van de 
winning van deze laag boven de 420 m-verdieping in 
het geheel niet waargenomen. Op deze mijnzetel werd 
een pijler, met een opening van 2.20 m en halfsteil 
gelegen, in bedrijf genomen, uitgerust met een ploeg- 
installatie en hydraulische stijlen. 

Omtrent de bovengrondse werken is het volgende te 
vermelden: 

Op de mijnzetel O.N.I werden aan een notenwas- 
machine verbeteringen aangebracht om een betere af- 
scheiding van mixtes uit de ruwkool te verkrijgen. Bij 
de stortput van de magerkolen-wasserij werd een kieper 
voor het ontladen van spoorwegwagons in bedrijf ge- 
nomen, om de aanvoer van brutkool naar deze was, 
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zowel op zelflossers als op spoorwegwagons te kunnen 
doen geschieden. 

In de eierbriketfabriek werd een 4e pers in bedrijf 
genomen. 

Op de mijnzetel O.N. II werd ter vervanging van een 
afgekeurde ketel een nieuwe in gebruik genomen. 

Van de beide ophaalmachines op de mijnzetel 
O.N. III werden de koepeschijf, zowel als het rem- en 
besturingsmechanisme vernieuwd. Ten behoeve van de 
plaatselijke kolenverkoop en de kolenverzending per 
vrachtauto werd een weg aangelegd en een weegbrug 
opgesteld. 


PRODUKTIE VAN DE LIMBURGSE STEENKOLEN- 


MIJNEN OVER DE MAAND JULI 
Din a AR I NT A er ee see Alban 2 


Mijnen Netto produktie in tonnen 
1961 1960 

En EIER FREE ER ERSTEN BIT ARE 
Wilhelmina 87.098 81.455 
Emma. 209.032 209.548 
Hendrik 110.084 118.334 
Maurits 198.658 222.480 
Totaal Staatsmijnen 604.872 631.817 
Oranje-Nassau I 37.071 44.338 
Oranje-Nassau II 49.778 48.053 
Oranje-Nassau III 76.962 72.938 
Oranje-Nassau IV 27.889 31.171 
Totaal Oranje-Nassaumijnen 191.700 196.500 
Laura 39.000 44.800 
Julia 66.300 65.400 
Totaal Laura en Vereniging 105.300 110.200 
Domaniale 44.897 40.782 
Willem-Sophia 35.500 35.500 
Totaal Limburgse Mijnen 982.269 1.014.799 


INTERNATIONAL COAL PREPARATION 
CONGRESS 
Organised jointly by the National Coal Board and 
the Coal Preparation Plant Association 
Fourth Congress Great-Britain, Harrogate 
28 May to 1 June 1962 
Preliminary Announcement 


The papers: The work of the Congress will cover all 
aspects of coal preparation but particular emphasis 
will be placed upon: 

(a) Relationship between feed, 
design and product quality. 

(b) Classification of sizes below 12 mm. (Y2 inch). 

(c) Treatment of fine material. 

(d) Control of plant and products. 

(e) Reduction in the free moisture content of material. 

Approximately 35 papers will be read during the 
congress. 

The official congress languages: These will be 
English, French and German. Simultaneous interpreting 
will be provided into all three languages. 


Technical visits: Visits will be arranged to collieries 
and coal preparation plants during the Congress. Dele- 
gates will have an opportunity of making two visits 
during the Congress week and arrangements will also 
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be made for delegates to see other plants in the week 
following the Congress if they wish to do so. Explana- 
tory brochures of all the plants to be visited will be 
prepared in the three official languages. 


The ladies’ programme: Delegates may wish to bring 
their wives and families with them and a very full 
programme will be arranged for the Ladies during the 
Congress sessions and visits. 

There will be no additional registration fee for the 
families of delegates, but charges will be made to cover 
the cost of transport for excursions and tours. Inter- 
preters will be present at all the events in the Ladies 
Programme. 5 


Evening functions: Delegates and their wives will be 
the guests of the Borough of Harrogate at a Reception 


on Monday, May 28, 1962, and at a Reception given 
by the organisers of the Congress on Thursday, May 31 
- Dress - Informal. 

Membership and registration: The Congress will be 
open to all those engaged. in the practice of and 
research into coal preparation technology and to others 
working in coal mining and in industries associated 
with the extraction and treatment of minerals. 

The registration fee for each delegate will be £5 
(Students and Trainees £2 10s. 0d.). There will be an 
additional charge for the Volume of Congress Procee- 
dings and a further charge to cover the cost of transport 
on technical visits. 

The Secretary, Fourth International Coal Preparation 
Congress, National Coal Board, Hobart House, 
Grosvenor Place, London, S.W. 1, Great Britain. 


PRODUKTIEGEGEVENS STEENKOLEN E.G.K.S. OVER JULI 1961 


Duitsland Belgie Frankrijk Italie Nederland E.G.K.S: 
Produktie (1000 t.) 
juli 1961 1A 1.381 3.672 65 982 17.321 
juli 1960 11.508 1.514 4.243 61 1.015 18.341 
Aantal arbeiders o.g. (1000 arb.) 
per 23-7-1961 285,4 64,9 119,6 Da 272 499,2 
per 31-7-1960 303,3 74,6 129,7 27 28,6 538,4 
Prestatie o.g. (kg) 
week v/d 23-7 1961 DD 1.631 1.804 1.539 2.055 2.072 
juli 1960 2.079 1.594 1.764 1.334 1.734 1.927 
Voorraden (1000 t.) 
per 23-7-1961 8.974 5.989 13.095 4 6.97 28.759 
per 31-7-1960 10.494 1293 12.537 1.63 1.53 31.220 


BEROZFEREKIE BERESSSEHD 


Geologie van Twente, speciale uitgave van 
„Grondboor en Hamer”. 127 p. + 60 fig. en 
foto's. Ned. Geol. Vereniging. 1961. Verkrijg- 
baar bij mej. H. Bernink, „Natura Docet”, De- 
nekamp. Prijs f 2,50 ++ portokosten. 


Ter gelegenheid van het 50-jarig jubileum van het 
natuur-historisch museum „Natura Docet” te Dene- 
kamp werd door de Nederlandse Geologische Vereni- 
ging een speciaal nummer van haar tijdschrift „Grond- 
boor en Hamer” uitgegeven. 

Na een voorwoord van de voorzitter van het bestuur 
van „Natura Docet”, Dr. Ir. H. A. Stheeman, volgen 
een tweetal bijdragen van de hand van de heren M. 
Krul en A. G. Koenderink, die in „Bernink en Natura 


See N 


Docet”” en „Met Bernink op excursie” herinneringen 
ophalen aan de stichter van dit museum en aan de in- 
vloed welke door zijn enthousiasme voor de studie van 
de natuur en wel in het bijzonder voor de geologie is 
ultgegaan op een groot aantal jongeren, die nu ama- 
teur-geologen zijn of het beroep van geoloog uitoefe- 
nen. 


Een volgende bijdrage is van de directrice van het 
museum, Mej. H. Bernink. Daarin wordt de huidige 
indeling van „Natura Docet” beschreven. 

Het kwartair uit de omgeving van Ootmarsum en 
Denekamp wordt behandeld in het artikel van Dr. T. 
van der Hammen, „De quartair-geologische geschiede- 
nis van Oost-Twente”, 


Uit de vele gegevens van de N.A.M. ontleent Dr. U. 
‚Haanstra zijn bijdrage „Het pre-tertiair van Twente” 
welke wordt toegelicht met enkele kaartjes. 

De vondst (in een kleigroeve) van het rugschild van 
een grote eocene schildpad in de lokaal-moraine te Los- 
ser wordt behandeld door W. F. Anderson. 

Een tijdelijke ontsluiting (in een bouwput) in de 
stuwwal te Enschede wordt beschreven door H. Krul. 

De geschiedenis van de eertijds bloeiende baksteen- 
industrie in Twente en de ligging van de oude steen- 
ovens en groeven wordt, deels aan de hand van archief- 
studies, nagegaan door J. H. Römer. 

De winning van steenzout mocht natuurlijk niet ont- 
breken in dit nummer. De opsporing en winning door 
de K.N.Z. alsmede de expansie van deze maatschappij 
tot een groot chemisch bedrijt wordt beschreven door 
Drs. R. B. Harteveld. 

Ook de pre-historie van Twente wordt niet vergeten 
en Dr. C. C. W. J. Hijseler vermeldt daarover bijzon- 
‚derheden in zijn bijdrage „De ligging en verspreiding 
van de prehistorische grafmonumenten in Twente”. 

Enkele geschiedkundige gegevens over de aanvang 
van het geologisch onderzoek in Twente en de rol wel- 
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ke Staring daarin speelde worden vermeld in het artikel - 


van G. M. Roding. 

Hoewel de titel „Geologie van Twente” van dit spe- 
ciale nummer niet geheel de inhoud dekt, bevat het een 
aantal zeer lezenswaardige bijdragen. Het vormt een 
waardige hulde aan meester Bernink en zijn „Natura 
Docet’. 

Ma ME 


De macht van de petroleum, door J. van den 
Branden en Dr. L. van Leemput. 3de deel van 
Reeks II „Onze Horizon”, 144 p. 22 fig. en 16 
pl. Uitgeverij de Sikkel N.V., Antwerpen, 1960. 
Voor Nederland A. M. C. Loot v.h. de Neder- 
landen, Joh. Schipperstraat 15, Amsterdam (S.). 
Prijs geb. f 3,75. 


De de!en van de reeks „Onze Horizon” worden uit- 
gegeven met het doel het brengen van „\Wetenschap 
en ontspanning voor de jeugd in verband met biologie, 
kardrijkskunde, sterrekunde, wiskunde, scheikunde en 
natuurkunde”. Onder jeugd wordt dan verstaan de 
leerlingen van middelbare scholen. 

Dit boek moet dus de jeugdige lezers op de hoogte 
brengen van de wereldomvattende aardolieindustrie en 
het belang daarvan voor de samenleving. 

Ontstaan, voorkomen, opsporing, winning, transport, 
verwerking, petrochemie en de distributie van de aard- 
olie en de daaruit verkregen produkten worden be- 
schreven. 

Daarnaast worden de opkomst van de Standard Oil 
Co. onder Rockefeller, de Koninklijke onder Deterding 
en het samengaan van laatstgenoemde maatschappij met 
de Shell, in het kort behandeld. 

Ook de anti-trust wetgeving in de U.S.A., de na- 
tionalisatie in Mexico, de wijzigingen in de exploitatie 
in Iran, de eenzijdigheid van de staatsinkomsten in Ve- 
nezuela en de rijkdom van de heersers in het Midden- 
Oosten worden niet vergeten. 

Onassis en Niarchos met hun vloten van tankers 
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worden genoemd. Zelfs aan supertankers en schepen 
varende onder goedkope vlag worden enkele woorden 
gewijd. 

Samengeperst in 144 pagina’s wordt dus getracht een 
volledig beeld te geven. Hoewel dit de schrijvers is 
gelukt, heeft door de opeenstapeling van gegevens, de 
leesbaarheid er wel zeer onder geleden. Het moet dan 
ook betwijfeld worden of de jeugd in grote getale, vrij- 
willig, naar dit boekje zal grijpen. 

Naast de bestudering van handboeken en tijdschrif- 
ten hebben de schrijvers vrij zeker ook vootlichting ge- 
kregen van de in Belgi& werkende oliemaatschappijen 
en dit is in dit boek wel te merken. De verwerking van 
de aardolie is goed behandeld, doch de beschrijving 
van de opsporing en winning is minder geslaagd en op 
diverse punten bepaald foutief. 

Het is niet doenlijk om in deze bespreking alle te- 
kortkomingen en onjuistheden op te sommen. Ter il- 
lustratie volgen hier enkel voorbeelden. 

Naar de mening van schrijver dezes had de titel 
beter kunnen luiden: „De macht van de aardolie”, dit 
om verwarring met het aardolieprodukt „petroleum” te 
voorkomen. Ook in tekst wordt dikwijls petroleum ge- 
bruikt waar aardolie meer op zijn plaats zou zijn ge- 
weest, bijv. „asfalt is inderdaad een petroleumprodukt 
(pag. 10)”. Ook vergissingen in de namen van de pro- 
dukten komen voor. Op pag. 8 wordt gezegd: „Grote 
straalvliegtuigen die zeer zuivere benzine (kerosine) 
vergen....", terwijl op pag. 19 staat „.... lamppe- 
troleum (kerosine)....”. 

In hoofdstuk III, de ontginning van aardolie, worden 
degenen, die op goed geluk naar aardolie boren, „wild- 
casters’ genoemd. Dit dient natuurlijk „wildcatters” te 
zijn. 

De weinige woorden, welke aan de geofysische op- 
sporing zijn gewijd zijn totaal onvoldoende om de le- 
zer een juiste indruk te geven van de verschillende 
methoden van onderzoek, terwijl bovendien de volg- 
orde, waarin deze gewoonlijk worden toegepast, niet 
juist wordt aangegeven. Verder wordt iets medegedeeld 
over „electric logging” en „radio-active logging”, doch 
niet wordt vermeld dat in iedere boring tenminste een 
weerstands- en zelfpotentiaaldiagram wordt opgenomen. 

Ook in de beschrijving van het slaan van een boring 
komen fouten voor. De draai- of boortafel is niert 4 
meter boven de boorvloer geplaatst, doch op de boor- 
vloer en 4 of meer meters boven de begane grond 
(maaiveld). Wat voor een idee moet de lezer krijgen 
van het verbuizen en cementeren van het boorgat, wan- 
neer dit wordt afgedaan met de volgende zin: „Voor- 
eerst dienen de boorwanden over hun ganse lengte be- 
kleed met een „casing”, d.i. een pantsering bestaande 
uit dunne staalplaten en cement; het instorten van de 
boorwand zou inderdaad maanden werk vernietigen”. 

Nog afgezien van dergelijke fouten blijft het lezen 
van dit boek geen genoegen, het zal voor de jonge le- 
zer „droge kost” blijven. Een uitgave zoals „En zo 
voort, het verhaal van een onderneming” door Leonard 
Huizinga mag dan wel niet alles over de aardolie be- 
vatten, het laat zich tenminste als een roman lezen en 
het is technisch geheel verantwoord. 

Het is te hopen dat de auteurs een tweede druk van 
dit boek grondig zuilen herzien. 

A. J.M. 


ETE N.OLO TISKCEH APIS ZN 


PERSONALIA. 


Nieuwe adressen: 
BARKEY, H. — Amsterdam-Osdorp, Boutenburg 311. 


(bg) (G.V.A.) 

BOEREN, geol. drs. L. J. — Beverwijk, Adigestraat 
ISO): 

BRUEREN, Dr. J. W. R. — Kerkrade, Aslbertuslaan 
158. (g). 

DUN, Ir. F. W. P. van — Ede, Arthur van Schendel- 
laan 25. (b). 

GREVE, m.i., Ir. I. R. J. de — Zeist, Wilhelminalaan 
18. (b) (KR). 

GULDENAAR, geol. drs. P. M. — ’s-Gravenhage, 


p/a Schuytstraat 92. (g) (gk). 

HARST, Dr. T. H. van der — Bergen aan Zee, Ver- 
brande Pan. (g). 

HOLTROP, m.i., Ir. J. F. — ’s-Gravenhage, Buizerd- 


laan 13. (m). 

JANSE, geol. drs. A. J. A. — Asab, South West Africa, 
OEBOXEZEKE): 

JANSEN, Ph. F. — Delft, Brasserskade 50. (bg) 
(M.V.D.). 

KONING, geol. des. H. — Leiden, Moddermanstraat 
104. (g). 


KUYL, m.i., J. A. van der — Haarlem, Juhanalaan 
310. (bg) (M.V.D.). 

LAGAAY, R. A. — Utrecht, Parkstraat 32. (bg) (gk) 
NORCAAF 

LEVELT, T. W. — Amsterdam, Prins Hendrikkade 25. 
(bg). 

MEYBOOM jr., Dr. P. — Geological Survey of Ca- 
nada, Ottawa, Ontario, Canada, 601 Booth St. 


(8). 

MURRIS, Dr. P. J. — Alger, Algerie, p/a Comp. des 
Petroles d’Algerie (C.P.A.), 7 Rue Daguerre. 
@). 


OOSTERVELD, m.i., Ir. M. M. — geoloog b.d. Anglo 
American Corp. of South Africa Ltd., Mwadi, 
Tanganyika. (bg) (M.V.D.). 

OS, geol. drs. B. van — Teheran, Iran, P.O. Box 1065. 


(8). 
RASCH, m.i., Ir. G. L. — Delft, v. d. Lelystraat 14. 


(m). 
TOORN, fys. geogr. drs. J. C. van den — Diemen, 
Pr. Bernhardlaan 251. (g). 


" UBAGHS, m.i., Ir. J. G. H. — Oosterbeek (gem. Ren- 


kum), Zuiderbeekweg 28. (g) (K). 
VERHOFSTAD, J. — Hollandia, Ned. N. Guinea, 
Kantoor v. h. Mijnwezen. (bg) (G.V.A.). 
VERSTEEGH, m.i., Ir. J. H. — Thompson, Manitoba, 
Canada, c/o International Nickel Company of 
Canada Ltd. (bg) (M.V.D.). 

VLOTEN, BS, MA, Dr. R. van — Quetta, Pakistan, 
TEASBOaLEe): 

WIECHERTS, m.i., Ir. G. — Doorn, Mesdaglaan 5. 
(m) (R). 


Mutaties: 


GEUL, geol. drs. J. J. C. — van (bg) (L.G.V.) naar: 


(8). 
WENT, Mej. A. S. L. wordt nu: Schermenhorn-Went, 
Mevr. A. S.L. (bg). 


l 


Correctie: 
OELE, E. — moet zijn: (g) i.p.v. (bg). 


Nieuw lid: 
REMERIE, ec. drts. E. J. — bedrijfseconoom b.d. Stm. 
Maurits, Geleen, Seringenlaan 27. (m). 


Adres gevraagd: 
SIPPEL, Mej. M. (bg) (L.G.V.). 


De leden worden, ter bevordering van een snelle afdoening van zaken, verzocht kennis te nemen 
van de volgende adressen voor correspondentie betreffende: 


Toezending Geologie en Mijnbouw: „Geologie en Mijnbouw”, Hofwijckstraat 9, 's-Gravenhage. 
Personalia: Secretariaat K.N.G.M.G., Assendelftstraat 53, 's-Gravenhage. 

Contributie: Ir. H. K. Hylkema, m.i., Godetiaweg 80, 's-Gravenhage. 

Contributiebetaling uitsluitend op giro 40517, t.n.v. de penningmeester van het Genootschap 


te 's-Gravenhage. 


VACANTE BETREKKINGEN 


Bi) het Bureau Technische Hulp van de Verenigde Naties zijn de volgende posities vacant. 


Sollicitaties dienen in ieder geval voor 1 oktober, te worden ingediend bij: 


Bureau voor Internationale Technische Hulp 


Ministerie van Buitenlandse Zaken, van Alkemadelaan 500 — 's-Gravenhage 
Griekenland 
Post title  Geologist (Stratigrapher) 


Duration: 
Date required: 
Duty station: 
Duties: 


Oualifications: 


Languages: 


Post title: 
Duration: 
Daie required: 
Duty station: 
Duties: 


Oualifications: 


Languages: 


Pest title: 
Duration: 
Date required: 
Duty station: 
Duties: 


Qualıfications: 


Language: 
Background 
information: 


Six months 

As soon as possible after 13 November 1961 

Athens, with some field trips into the country 

The expert is expected to assist and advise the Institute of Geology and Sub- 


Surface Research in Athens in solving stratigraphic problems in Greece and in 
particular: 


1. hold a course on the stratigraphy of Alpine formations in European countries 
of the Mediterranean region; 

2. give field training to local technicians and personnel in the survey of strati- 
graphic sections; 

3. give practical laboratory training in the making of thin sections and in the 
identification of typical fossils to be found in Alpine formations. 

Qualified geologist familiar with Alpine formations of European countries, 

Mediterrenean in particular. Teaching and Laboratory experience essential. 


English or French. 


Griekenland 


Mining Geologist (Study of ores) 

Six months 

As soon as possible after 13 November 1961 
Athens, with some field trips in the country 


At the Institute of Geology and Sub-Surface Research, the expert is expected: 

1. to instruct the staff in the study of ores, with special emphasis on their 
occurences in Greece; 

2. to train personnel in (a) research methods including mapping, special tectonics, 
investigations of techniques and methods for evaluating ore deposits, and (b) 
up-to-date laboratory research methods including recent techniques for the 
detection of ores; 

3, assist in the study and investigation of exploitable minerals and rocks. 

Qualified mining geologist familiar with the metallogeny of South-Eastern and 

Eastern Europe. Teaching and laboratory experience essential. 


English or French. 


Verenigde Arabische Republiek (Egypte) 


Geological Mapping 

Six months 

As soon as possible after 1 January 1962 

Central Laboratories of the Geological Survey-Dokki 


The expert is expected to train photo-geologists in making photo-geological maps 
and contour maps, including office plotting with photogrammetric Instruments 
and related field work. 

A photogrammetrist with thorough knowledge of photo-interpretation for 
geological studies and contour mapping, and with long experience in compilation 
of photo-geological maps and contour maps. Experience in training of technical 


staff is essential. 
English 


The project is concerned with the preparation of geological- and contour maps 
of the desert regions which are of economic importance. The survey has already 
available for the project: 

(a) two photo-geologists and two assistants, and 

(b) modern photogrammetric instruments. 


Mijningenieur met ruime 
ervaring in de 
ondergrondse ertswinning 
voor bestaande kopermijn 
met nieuw ontwikke- 
lingsplan in Israel 

in de functie van 


"GENERALSUPERINTENDENT’ 


Leeftiid 35-45 jaar 


gevraagd 


Voor inlichtingen kan men zich 
wenden tot: 
prof. ir H.J.de Wijs te Delft 


Sollicitaties in het Engels per luchtpost richten 
aan. Israel Mining Industries, P.O.B. 7050, 
Tel Aviv, Israel 


N. V. ELECTRO 


Zuur- en Waterstoffabriek — Vulstation 
Geleen —- Kampstraat 46 — Tel. (04494)2130 


Zuurstof - Dissous - Carbid 


en alle materialen voor de 
autogene metaalbewerking 


Adverteren in 


Geologie en Minbomw 


betekent 


ALLE BELANGHEBBENDEN 


ineens bereiken 


HET NEDERLANDS OCTROOI 


No. 89 031 ten name van: 


Baker Oil Tools Inc., te Los Angeles, Ver. St. v. Am. 


betreffende : 


„Buisschoen voor een in een boorput te cementeren 
boorbuis” 


wordt ter overneming of licentieverlening aangeboden. 
Inlichtingen verstrekt : 


Octrooibureau Vriesendorp & Gaade 
Dr. Kuyperstraat 6, ’s-Gravenhage 


TRUETEMPER 


”"ROCKET’”’ HAMMER 


f 24.50 per stuk 


Voorzien van stalen, onbreekbare steel en van 
speciale schokbrekende greep, welke bij vocht 
of zelfs bij gebruik van handschoenen volkomen vast in 
de hand ligt. 
Ideaal in miinbouw en voor geologen. 
Verkrijgbaar bij o.a.: 
Carl Denig N.V. 
Weteringschans 113-115 - Amsterdam - tel. 34130 
Fa. Van Beek & Heijermans 
Kromme Nieuwe Gracht 90 - Utrecht - tel 22158 


ROTTERDAM: 


N.V. VEREENIGDE TOUWFABRIEKEN 
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Ondergrondse mijnventilator met gedurende stil- 
stand gelijktijdig verstelbare waaierschoepen, 


MIJNVENTILA TOREN capaciteit 400 m? |sec. druk 500 mm w.k. 


Voor onder- en bovengrondse op- 


stellingen levert Stork axiale mijn- 


ventilatoren, met tijdens bedrijf of | 
stilstand verstelbare waaierschoe- N i OREK 
pen. Hiermede kan de capaciteit, HENGELO 


binnen een groot regelgebied, met 


een hoog rendement aangepast wor- Licentienemers o.a. in Amerika, Engeland, 
Frankrijk en Duitsland werken nauw samen 


met het research-laboratorium van Stork 
in Hengelo, waardoor ervaring over een 
groot gebied en onder verschillende om- 
standigheden wordt verkregen. 


den aan de bedrijfsomstandigheden. 
Rendementen tot 90% zijn bij deze 


typen normaal. 


FL MACHINEFA, 


: VMF 


NEDERLAND 


5 
TORKe werksro0% 


Hydraulische 


raambouwe 
systeem 


KLOCKNER-FERROMATIK 


Het „bouwen” geschiedt 
volledig mechanisch. Het eind- 
doel van deze ontwikkeling, 


de manloze pijler, is reeds in zicht 


DU CROO & BRAUNS 


AMSTERDAM 


VAN KRANENBURG 


Schiekade 205, Rotterdam, p.b. 854, tel. (010) 12 00 77, 


HUNSLET 


Joy 
mijnbouwmachines 


25 pk "'Flameproof” mijntractor 
met: 4-wielaandrijving 


Aus unserem Arbeitsprogramm: 


Förderkorb - Beschickeinrichtun- 
gen - Wagenumläufe - Ketten- 
bahnen - Förderbandanlagen 
zum Einsatz‘ über und unter 
Tage - Getriebe - Häspel - Berge- 
versatz-Schleudern - Druckluft- 
Werkzeuge - Abteufen von 
Schächten - Bohrungen unter 
Tage - Ausführung sämtlicher 
Gesteinsarbeiten 


Erolich«’Klüpfel 


MASCHINENFABRIK UND UNTERNEHMUNG FÜR BERGBAULICHE ARBEITEN 
WUPPERTAL-BARMEN 


Alleenvertegenwoordigers voor de Nederlandse Mijnbouw: 


Valkenburgerweg 75 
INGENIEURSBUREAU DR. P. WINTGENS - HEERLEN Tujon 5044 (2 lien) 


Vakmanschap 


is punt 1 


in de gieterij 


Goed materiaal is heel belangrijk, maar 
niet voldoende. Naast de voortgaande 

modernisering en mechanisering blijft 
ook in de gieteriji het vakmanschap 

ziin grote rol spelen. Daarom leidt 

Vulcanus zijn jongeren op in een eigen 
bedrijfsschool. Ook de continuiteit 

is in dit opzicht van beslissende 

betekenis voor Uw vertrouwen in 

het toeleveringsbedrijf. 


TECHNISCHE 
VOORLICHTING 


V) 


Het meesterteken op 
alle Vulcanus gietwerk 


TOELEVERANCIERS 
“AN GIETWERK VOOR: 


Machine-industrie 
chemische industrie 
appendage industrie 

motoren industrie 

fabr. van transportinstallaties 
electrotechnische industrie 
fabr. van wegenbouwmachines 
fabr. van rollend materieel 
Onze afdeling Technische Werk- TUE LELEIS 
voorbereiding en ons Laborato- 
rium dienen U graag van advies 


bij vormgeving en materiaalkeu- 
ze van het gietstuk. 


constructiebouw 


fabr. van landbouwmachines 


VOlGA NIUSH NEDERLANDSCHE IJZERGIETERIJ - VAASSEN 


| SCHACHTUITRUSTINGEN 
| SCHACHTKOOIEN 
WAGENOMLOPEN 

LOSVLOEREN 

MIJNWAGENS 

CUVELAGES 


VOSSEN - HAANRADE srooRSTRAAT 30 - TEL. 04444541 


mededeling 
betreffende 


VERZAMELBANDEN 


door de onverwacht grote omvang van de 
jaargang 1960 van Geologie en Mijnbouw 
is gebleken dat de reeds geleverde verzamel- 
banden voor deze jaargang niet geschikt zijn. 
Wij stellen derhalve nieuwe grotere banden 
voor dezelfde prijs (f 3,75 excl. verzendkosten) 
beschikbaar. De reeds ontvangen banden voor 
1960 kunnen dan voor de jaargang 1961 


worden gebruikt. 


Bestellingen te richten aan: 


ADMINISTRATIE „GEOLOGIE EN MIJNBOUW? 
Hofwijckstraat 9 ’s-Gravenhage telef. 070-111875 


GOSIO MIJNBOOW 


ABS 


N.V. WERF GUSTO v/h FIRMA A. F. SMULDERS 


SCHIEDAM 


TELEFOON ROTTERDAM 
69030 (4L) 69420 (4 L) 


GELEEN 


TELEFOON 3345.3346 


SERVICEBEDRIJF VOOR 
DE MIJNEN 


SKIPVERVOER 
BOVENGRONDSE- 
KOLENVERWERKING 


WASSERIJEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIJNEN CYCLOON- EN 
DRIJFWASPROCEDE'S 


MECHANISCHE KOOLWINNING 


O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


% II N a) TRANSPORTINRICHTINGEN 


MULTISCHAAFINSTALLATIE 


Leveranties In: 
Nederland, Belgie, Frankrijk en Engeland 
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'ARNHEM - POSTBUS 230 


Vestigingen te 
‚HEERLEN a. 
BOTLEK-SPIJKENISSE 
 AKEN | 
| 
‚ Aanleg van # 
/ MEET-EN | 
| REGEL-INSTALLATES | 


Wij instrumenteerden o.a.: 


Naphta Kraakinstallatie voor de Staatsmijnen te Beek (L.) 
Superphosphaatfabriek voor de E.N.C.K. te Vlaardingen 


Zwavelzuurfabriek voor de „Albatros” te Pernis (Z.-Holland) 


Ureumfabriek voor de Union Kraftstoff A.G., Wesseling b/Köln 


SVENSKA DIAMANTBERGBORRNINGS AB 
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